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PREFACE 


The structure of the Coast Ranges has been a subject of interest 
ever since the first geological expeditions came to California. A struc- 
ture section from San Francisco to the Mother Lode was published 
as early as 1851. The geologists engaged in the surveying of routes for 
a Pacific Railroad about that time furnished additional structural 
information a little later. The first State Geological Survey, under the 
leadership of Dr. John B. Trask, gave some attention to the “Coast 
Mountains,” but chiefly to their soils and mineral resources. During 
the sixties the Whitney survey sent men throughout the Coast Ranges 
and furnished a great deal of sketchy structural information. 

About 1880 the State Mining Bureau was organized and the 
United States Geological Survey first sent men to work in California. 
Members of both these organizations have continued to give more 
or less attention to problems of Coast Range structure ever since. 
Their prime interest at first was in ore deposits and later in oil, but 
| structural problems were involved in both. Shortly after 1890 H. W. 
| Fairbanks published several structure sections along the lines of trails 
| from one mining prospect to another in the San Rafael Mountain 
district. G. F. Becker gave many interesting structural data in con- 
nection with his study of the Coast Range quicksilver deposits. With 
the opening of the twentieth century, Eldridge, Arnold, Johnson, 
Anderson, and their associates and successors began mapping large 
areas in the Coast Ranges in connection with increasing interest in 
oil possibilities. Even before this time, professors of geology in the 
University of California and Stanford were mapping quadrangles and 
studying structural problems in central California, but it was a long 
time before such work was extended to Southern California. In 1904 
Fairbanks published the San Luis Folio, the only one that has yet 
| appeared within our limits. 

Of all the different types of work, Southern California received 
an important share only of that devoted to oil prospects. During the 
first 20 years of the present century most of this work was done by 
members of the United States Geological Survey, who published their 
results in a series of valuable bulletins, many of them provided with 
colored geological maps. Since 1920 nearly the whole of Southern 
California—as the term is used in the following discussion—has been 
mapped in considerable detail by oil geologists and others, but pub- 
lication has been sporadic and incomplete. Structural problems have 
been foremost in the minds of the men engaged in this work, and 
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many publications dealing with structural details have appeared. 
Many other structural problems and structural hypotheses are known 
and have been vigorously discussed by the men interested in them, 
even though nothing has been published about them. 

From this historical sketch it will be obvious that any structural 
interpretation of Southern California must be based largely on the 
work of oil geologists; and that the adequacy of the data in different 
provinces will depend on how attractive each province has seemed to 
the oil-hunters. Thus Tertiary areas have in general been carefully 
mapped, Cretaceous areas less so, and pre-Cretaceous areas hardly 
at all. 

In undertaking to discuss the structure of Southern California we 
have been limited partly by our data and s*ill more definitely, per- 
haps, by our interests. We are not greatly attracted by some struc- 
tural problems that seem fundamental to many geologists. The 
history of a structure interests us more than its mechanical cause. 
To cali attention to this bias, we call our study “structural evolu- 
tion.” From the viewpoint of many of our colleagues we probably 
seem to be dealing only with the raw material of structural geology. 
We hope nevertheless that these men of different taste will be in- 
terested in our attempt to classify this raw material and present as 
much as possible of it in the form of maps, sections, charts, and 
diagrams. 

This book is in a sense a sequel to Geology of California, which 
contains only brief and casual discussions of the subject of structural 
evolution. In order to write the present account we found it necessary 
to compile many geologic data, some of which did not exist at the 
time the earlier book was written. This new information and some 
new ideas that developed during the acquisition and compiling of 
new and old information have led to conclusions not always in har- 
mony with those previously expressed. In such cases we have tried 
to avoid consistency-at-any-price, and have stated the views that 
seem most in harmony with the facts now known to us. 

Many of our present views have been more or less strongly held 
by many local geologists for years. In appropriating them and stating 
them as our own, we would avoid claiming them as original. As a 
matter of fact, we do not know which, if any, of the hypotheses and 
opinions we now hold are original with us. All of them are to be con- 
sidered ours only in the sense that we now believe them to be more 
probable than the alternatives that have occurred to us. 

The tectonic map, in particular, is a compilation and not an origi- 
nal work. It includes material drawn from nearly every published 
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map available to us that shows geological data for any part of the 
area. For the areas of which no published maps exist we have drawn 
upon dozens of friends. At the risk of seeming partial, we wish to 
mention N. L. Taliaferro, H. G. Schenck, C. L. Gazin, Paul F. Kerr, 
W. D. Kleinpell, R. M. Kleinpell, T. Clements, A. I. Gregersen, 
E. R. Baddley, J. E. Eaton, and the late D. B. Seymour, all of whom 
have contributed important field data for larger or smaller areas. 
Our debt to these and many other friends and associates is very great. 

In preparing the stratigraphic and other data shown in maps and 
charts and discussed in the text, we have likewise drawn upon all 
available sources of information. Some of our debts are acknowledged 
at appropriate places, but many others exist. Our chief excuse for not 
making greater effort to acknowledge specific obligations in more 
detail is that to do so would add very considerably to the bulk of our 
text. Another reason of much weight is the practical impossibility of 
remembering correctly how and when we obtained facts and ideas, the 
acquisition of which has covered several years and has involved 
hundreds of conversations with scores of geologists. 

To our predecessors in the field of structural interpretation we 
wish to pay our respects in this place. Our plan of work and our desire 
to attain conciseness forbade making lengthy discussions of their 
work. We have nevertheless made use of the results of their labors, 
have appropriated some of them and rejected others, and been in- 
fluenced even by the results we rejected, just as we expect our suc- 
cessors to do with our results. It would be an interesting task to 
write a history of structural interpretation in California, but it is 
not the task we set for ourselves in the present work. 

Dr. Hans Ashauer drew a considerable number of our maps and 
diagrams; from his extensive knowledge of European geology and of 
the ideas of European geologists he was also of great assistance to us 
in our attempts to classify and interpret Coast Range phenomena. 
Mr. J. E. Eaton put us greatly in his debt by a critical reading of the 
manuscript. Mr. V. Coppard drew the geological map and many of 
the text figures. Many other friends and associates contributed in 
different ways. 

Among recent writers on the problems of structural interpretation 
we are particularly indebted to three: Professor W. H. Bucher, author 
of The Deformation of the Earth’s Crust; Professor S. von Bubnoff, 
author of Grundprobleme der Geologie; and Professor Hans Stille, 
author of Grundfragen der vergleichenden Tektonik. To the last-named 
geologist our debt is of so special a character that we have attempted 
to acknowledge it by dedicating this study to him. 
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For permission to make the investigation upon which our text is 
based, and to publish some of the scientific results, we are deeply 
indebted to The Texas Company, and particularly to Mr. J. A. 
Bermingham, vice-president and manager of the producing depart- 
ment for California. 


R. D. REED 
J. S. 


Los ANGELES, CALIFORNIA 
September, 1936 
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| CHAPTER I 

| INTRODUCTION 
| 


| Writing informally in 1861, after spending a year in travel be- 
tween the Santa Ana Mountains and the San Francisco Bay region, 
w, H. Brewer! remarked: 


| The Coast Range is not a single chain, nor even parallel chains, but a 


tem, radiating, like the spokes of a wheel, from a point near the great mass 
of 


San Bernardino.? 

Though somewhat over-simplified, this interpretation of Coast 
Range structure has the merit of directing attention to a feature that 
gives to Southern California much of its geological interest. This is 
the fact that the greater number of the geological provinces into 
which California is divided meet here in a small area. North of the 
dominant Transverse Ranges lie the south ends of the Coast Ranges, 
San Joaquin Valley, and Sierra Nevada, and the west end of the 
Mohave Desert. South of the Transverse Ranges lie the so-called 
Continental Shelf, the Los Angeles Basin, and the northwest ends of 
the Peninsular Ranges and Colorado Desert. 

Since the time of Brewer’s pioneer studies, many different hy- 
potheses of Coast Range structure have been more or less seriously 
proposed. Only with the opening of the present century, however, 
did the supply of facts become sufficiently plentiful to give much 
bagis for such speculations. Beginning about 30 years ago, the 
United States Geological Survey has published a series of excellent 
aréal descriptions and geological maps of scattered small areas. Most 
influential in moulding the views of structural theorists, perhaps, 
were the three Coast Range folios: San Luis, Santa Cruz, and San 
Francisco. By a curious accident each of these publications was de- 
voted to a quadrangle in which two types of structural province meet. 
The San Luis Quadrangle, for example, includes part of the Santa 
Lucia Mountains in which a Franciscan basement underlies a thick 
series of strongly folded Upper Mesozoic and Cenozoic formations. 
It also includes a part of the La Panza Mountains, with granitic base- 
ment, no Franciscan, and a highly discontinuous blanket of faulted, 
slightly folded later rocks. The Santa Cruz and San Francisco areas 
are likewise crossed by the boundary between a Franciscan and a 


1 W. H. Brewer, Up and Down California, Yale University Press (1930), p. 236. 


2 “San Bernardino Sierra” is a name formerly applied to mountains far west of the 
pregent San Bernardino Mountains, and particularly to the San Gabriel Mountains 
north of Los Angeles. 
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“granitic” terrain. This interesting discovery seemed to support the 
idea that the Coast Ranges are everywhere separated into small frag- 
ments, each of which has moved up or down forever in serene dis- 
regard of its neighbors. 

Concurrently with this rise of the chaotic type of structural hy- 
pothesis, additional geologic mapping has shown that the three areas 
covered by folios are exceptional rather than typical. The granitic 
parts of the San Luis, Santa Cruz, and San Francisco districts are in 
fact small fragments of one immense granitic province, Salinia,’ which 
trends obliquely across the whole length of the Southern Coast Ranges 
and merges at the southeast with the Mohavian granitic province. 
The Franciscan areas of the three folio districts likewise extend far 
beyond their borders and constitute two large provinces, the Northern 
and Central Franciscan areas. 

In spite of these discoveries, other factors have combined with 
the accidental location of the areas earliest mapped to strengthen the 
trend toward structural chaos. Faults are numerous, important, and 
some of them recurrently active. Facies of sedimentary rocks are so 
varied as to make regional correlations difficult and occasionally im- 
possible. By their parallel difficulties in discovering regional relations, 
students of crustal mechanics and paleontologists have thus been 
driven toward the idea that regional relations do not exist. Hence the 
appeal of the fault-block theory to many of them. However unsatis- 
fying such a theory may be otherwise, it serves at least to justify the 
difficulties of its creators. 

Many parts of Southern California, particularly the mountains 
and deserts toward the east and south, are known even now only from 
reconnaissance investigations. Most of the valleys and plains and the 
mountains toward the north and west have been carefully and re- 
peatedly mapped, however, and knowledge of their geology is growing 
rapidly. During the past ten years the foraminiferal research of oil- 
company stratigraphers and others has remade the stratigraphy of 
the marine Tertiary; vertebrate paleontologists have made great 
strides in tying together the history of the marine coastal basins and 
the nonmarine basins of the interior; detailed geologic mapping has 
been extended to so many areas as to furnish a comparatively ade- 
quate basis for general statements about the whole region; and deep 
drilling, by permitting intensive study of many thousands of samples, 
has revealed the third dimension of several of the larger basins to 
depths of two miles or more. There are at present probably few areas 


3R. D. Reed, Geology of California (Amer. Assoc. Petrol. Geol., 1933), p. 12, Fig. 
16, et cetera. 
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| Fic. 2.—Basement map, designed to show the evidence for the classification of 
Southern California into six major tectonic provinces. Black areas are Franciscan out- 
crops; stippled areas are outcrops of granitic rocks. 
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of similar complexity in the world for which equally plentiful geo- 
logical data are available. 

In an effort to exploit these advantageous features the writers 
have spent more than two years in collecting and summarizing old 
and new data on the structure, stratigraphy, and paleogeography of 
this region. They have assembled all the geological maps available to 
them and reduced them to a uniform scale for easier comparison and 
study. They have collected many stratigraphic data, including es- 
pecially measured surface and subsurface sections, and observations 
on discontinuities and discordant contacts between formations. They 
have also spent many weeks in the field, checking old and securing 
new data, especially in several centrally located but relatively in- 
accessible areas that were previously little known. 

On the problem of fundamental structure, the writers have come 
to believe that post-Jurassic structural evolution has been dominated 
by the distribution of basement types. They have accordingly adopted 
or invented names for the six paleogeographic provinces into which 
the distribution of these types suggests that Southern California was 
divided during the Lower Mesozoic (Fig. 2). For the reason that, as 
explained in more detail later, the Franciscan deposits seem to have 
accumulated in basins of a kind that many geologists would consider 
to be typically geosynclinal, the provinces underlain by these rocks 
are called geosynclines. The other provinces, which seem to have been 
relatively positive, are given names ending in “ia,” to suggest com- 
parison with such well-known hypothetical ancient lands as Appa- 
lachia and Cascadia. 
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CHAPTER II 


DIASTROPHIC HISTORY 


From the point of view of structural history, the evolution of 
Southern California may be divided into three stages: a pre-Fran- 
ciscan, a Franciscan, and a post-Franciscan stage (Table I). The 
pre-Franciscan stage, embracing all of pre-Mesozoic time, is prac- 
» sania unknown. The Franciscan stage included a part, and perhaps 


TABLE I 
| STRUCTURAL History OF SOUTHERN CALIFORNIA 


Major Periods Structural Events Time Scale 
Stage of high lands Erosion dominant Upper Pleistocene and later 
—Coast Range Orogeny Middle Pleistocene 
Recurrent transgres- Lower Pleistocene 
sions, regressions, Pliocene 
minor foldings Upper Miocene 
Middle Miocene 
Lower Miocene 
Oligocene 
Post-Franciscan (Post- Upper Eocene 
Geosynclinal) Stage Middle Eocene 
Lower Eocene 
Paleocene 
Folding 
Upper Cretaceous 
Lower Cretaceous 
Upper Jurassic 
——Nevadian Orogen y Upper-M iddle Jurassic 
Franciscan (Geo- Spasmodic down- Middle Jurassic to Triassic 
synclinal) Stage sinking and vul- 
canism Late Paleozoic 
—A ppalachian Orogeny (?) Paleozoic and Pre-Paleozoic 
Pre-Franciscan (Pre- Conditions nearly un- 
Geosynclinal) Stage known, or inferred 
from sketchy data 


nearly the whole, of the Triassic and Jurassic periods. Its deposits 
consist of the Franciscan formation in the old geosynclines, and of 
some slates and phyllites of non-geosynclinal, or less distinctively 
geosynclinal facies in the more positive intermediate areas. Most of 
the non-Franciscan rocks are supposed to be Triassic and the Fran- 
ciscan is commonly referred to the Jurassic, but in each case the age 
is determined for only a very few thin beds with generally unknown 
relations to the great masses of which they form part. In a structural 
discussion there is perhaps sufficient justification for calling all these 
rocks Lower Mesozoic, as is done in this book. 
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The post-Franciscan stage began with the deposition of the so- 
called Knoxville beds, which, like the better known Knoxville farther 
north, may be Portlandian (Upper Jurassic) at the base.* The stage 
also includes Lower and Upper Cretaceous and Cenozoic time. 


Lower Mesozoic EPEIROGENY 


The subject of Lower Mesozoic paleogeography in coastal Cali- 
fornia bristles with difficulties. Is the Franciscan marine or non- 
marine? Is it Triassic or Jurassic or both or neither? Is it a correlative 
of the Santa Monica phyllite and the Santa Ana Mountains Triassic? 
How can we treat as a unit a group of rocks consisting of varied sedi- 
mentary types, intrusive and extrusive igneous rocks, and meta- 
morphic rocks? Would it not be nearly as sensible to treat all post- 
Franciscan rocks as a unit and try to give them a paleogeographic 
interpretation? When we think of the great number of monographs 
that have been written on the stratigraphy of the Triassic and Jurassic 
formations of other regions, and reflect that our knowledge of Fran- 
ciscan stratigraphy can be summarized in a short paragraph composed 
mostly of doubts, we begin to realize the difficulty. 

To discuss all aspects of each controversial question would take 
time and lead nowhere. For present purposes it will serve equally well 
to state briefly and categorically the present stand of the writers on 
the various problems. They hold that the Franciscan is dominantly 
marine, that it probably includes both Triassic and Jurassic deposits, 
that it is a correlative of the phyllites and slates of the Santa Monica 
and Santa Ana Mountains but represents a different facies. They 
defend the policy of treating the Franciscan as a unit, but only on the 
ground that no other treatment is possible at the present time. 

That the Franciscan is a unique formation, composed of a great 
variety of rock types, many of which are themselves unique in Cali- 
fornia, is well known. The intrusive rocks are largely altered perido- 
tites, the lavas are related to spilites, the siliceous rocks are radio- 
larian, the metamorphic rocks consist of giaucophane schist and other 
peculiar types. The sandstones contain many shale fragments, and 
have been considered nonmarine. They are highly feldspathic, like 
most Coast Range sandstones. As a formation, the Franciscan has 
still other peculiarities. The base of it, for example, has never been 
seen. Between it and the granitic basement only fault contacts are 
known. Though universally described as highly unconformable with 
the Knoxville, detrital fragments of any of its distinctive rocks or 


‘F. M. Anderson, ‘‘Knoxville-Shasta Succession in California,” Bull. Geol. Soc. 
Amer., Vol. 44 (1933), Pp. 1269. 
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minerals have been found in pre-Miocene rocks only in a few localities. 
Even now, there is no proof that the Franciscan has ever been totally 
removed from any locality which it once covered. 

In most of these peculiarities, the Franciscan resembles those for- 
mations of other regions that are classed as belonging to the geo- 
synclinal facies. For this reason the writers assume tentatively that 
the Franciscan rocks occupy areas that were in fact geosynclines 
(whatever a geosyncline may be)* during Lower Mesozoic time. The 
intervening areas were either non-geosynclinal or, if anyone prefers, 
they were geosynclinal subprovinces that lacked the peculiar features 
of the rest of the geosyncline. 


PrRE-CRETACEOUS OROGENY 


Since only a few pre-Cretaceous rocks can be dated accurately, 
not much can be said about the orogenic history of this time. It is 
notable, however, that the metamorphic rocks associated with the 
granites of the “granitic basement” contain much limestone, and 
lack the peculiar lithologic types of the Franciscan. They resemble 
the basement rocks of the Mohave Desert region, some of which have 
yielded Paleozoic fossils. For this and other inconclusive reasons they 
are often considered to be Paleozoic in age. If so, and if the Franciscan 
includes Triassic and Jurassic, perhaps it is legitimate to guess that 
a late Paleozoic orogenic episode preceded the beginning of the Lower 
Mesozoic geosynclinal stage.® 

That orogenic periods intervened during the geosynclinal stage 
itself is likely for several reasons, but unproved. It is known, for 
example, that detrital glaucophane is a constituent of the Franciscan 
sandstone. Since this metamorphic mineral is very uncommon in pre- 
Franciscan rocks of California, its occurrence as detritus suggests 
intra-Franciscan metamorphism and orogeny. If Franciscan rocks 
range in age from early Triassic to middle or late Jurassic, there is of 
course no reason why such orogenic activities should not have oc- 
curred more than once. 

That an orogenic period ended Franciscan time has been generally 
assumed, but in the absence of satisfactory means for correlating late 
Franciscan and early post-Franciscan strata, uncertainty concerning 
the exact order of events is inescapable. Whether or not the post- 


5 For an interesting discussion of the possible nature of geosynclines as “furrows 
reaching to the base of the outer mantle of the sial,’’ with labile character, distinctive 
sedimentation and vulcanism, ef cetera, see S. von Bubnoff, Grund probleme der Geologie, 
Berlin (1931), p. 176. 

6 Cf. Adolph Knopf, ‘The Mother Lode District,’ U. S. Geol. Survey Prof. Paper 
157 (1929), P. 9. 
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Franciscan pre-Knoxville orogeny synchronized with the post-Mari- 
posa Nevadian orogeny of the Sierra Nevada, for example, is uncer- 
tain. Perhaps, as Crickmay has suggested,’ the Nevadian orogeny 
consisted of several phases, each of which may have affected both 
Coast Ranges and Sierra Nevada, though not necessarily with the 
same intensity. 

If the post-Franciscan orogeny was profound, as is generally as- 
sumed, it is only the more curious that no place can be cited from 
which Franciscan rocks have been completely removed. No locality is 
known, as a matter of fact, in which the base of the series can be seen. 
There is of course a possibility that Salinia, for example, was once 
covered by Franciscan rocks that were later removed by erosion. If 
this hypothesis is adopted, however, there seems to be no easy way 
to account for the well-authenticated fact that the Cretaceous strata 
of adjacent areas carry so little distinctive Franciscan detritus. 

In the Geology of California this condition was tentatively ex- 
plained® on the theory that Franciscan basins of deposition coincided 
with the areas in which Franciscan rocks are now found. The geo- 
synclinal hypothesis would modify this conclusion only by suggesting 
that if sediments of Franciscan age did accumulate over Salinia, for 
example, they were not Franciscan (geosynclinal) in type, but be- 
longed to a different facies. The supposed Triassic phyllite of the 
Santa Monica Mountains will serve as an example of a deposit appar- 
ently contemporaneous with the Franciscan but of different facies 
from it. 

Post-FRANCISCAN Mesozoic EPEIROGENY 

In Southern California the beds of post-Franciscan, pre-Chico age 
are still mapped together as the Knoxville formation. Perhaps they 
contain the same units as the thicker Northern California section 
belonging to the same time-interval, but for the present they are 
better discussed as a unit. They are in the main siltstone and shale 
with interbedded sandstone generally fine-grained and thin-bedded. 
The commonest fossils belong to the genus Aucella. Thicknesses rise to 
several thousands of feet. 

The Knoxville sea covered much or all of the Northern and Central 
geosynclinal basins, but cannot be proved to have transgressed their 
borders (Fig. 3). It may have invaded the Southern Geosyncline also, 
but its deposits have not been found on any of the few mountain peaks 
now available for inspection. 


7 C. H. Crickmay, “Jurassic History of North America,” Proc. Amer. Phil. Soc., 
Vol. 70 (1931), Pp. 57. 
®R. D. Reed, op. cit., p. 78. 
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Fic. 3.—Lower Cretaceous (Knoxville) paleogeography. Province boundaries as rile 
in Figure 2. Stippled areas have Knoxville beds outcropping; figures give thicknesses a 
in feet. Isopach lines are highly speculative. ay 
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Fic. 4.—Upper Cretaceous (Chico) paleogeography, showing outcrops, thicknesses 
in feet, isopachs, and former land areas, of which the boundaries are doubtful, especially 
in case of the two western lands. 
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Overlying the Knoxville, in the main with unknown structural 
relations, is the Upper Cretaceous Chico formation (Fig. 4). It con- 
sists chiefly of shale and sandstone, but locally contains thick masses 
of conglomerate. In the Coalinga district and northward (central part 
of the Northern Franciscan Basin) a thousand feet or more of the 
uppermost Cretaceous consists of the Moreno shale, an organic 
siliceous rock resembling the Middle and Upper Miocene Monterey 
shale. This member, a possible correlative of the Senonian, is not 
known in the Central or Southern basins. 

Unlike the Knoxville, the Upper Cretaceous transgressed the 
eastern boundary of each of the three geosynclinal basins. Chico 
strata are found along the eastern border of the Great Valley, though 
they do not crop out south of Folsom in the latitude of Sacramento; 
in the Simi Hills, east of the vertex of the Central Geosynclinal basin; 
in the central part of the Santa Monica Mountains (eastern Ana- 
capia); and along the western slope of the Peninsular Ranges, from 
the Santa Ana River to San Diego. In all these areas the Upper Cre- 
taceous is either known or reasonably inferred to lie upon non- 
Franciscan basement rocks (granite or slate). 

The Danian is not definitely known in California but may very 
well be represented among some of the strata now referred either to 
the uppermost Cretaceous or to the Martinez. 


CRETACEOUS FoLpING EPISODES 


The problem of intra-Cretaceous folding episodes is a difficult one. 
No widespread discordances have been clearly demonstrated, but 
there is an excellent chance that one or more may be found when the 
sections are more carefully studied and the distribution of the differ- 
ent fossil zones is adequately known. The great Chico transgression 
seems likely to have been accompanied or preceded by folding move- 
ments of importance, but no conclusive evidence of such movements 
seems to be available at present.™ 

The conditions at the close of the Mesozoic are fortunately some- 
what clearer. Even where the exact contact of Upper Cretaceous and 
Paleocene is in dispute, indirect evidence often strongly suggests that 
an orogenic episode occurred. In the Santa Ana Mountains, fortu- 
nately, the conditions are clearer than usual and, though undescribed 


8@ Since this passage was written, N. L. Taliaferro has told the writers orally of 
discoveries bearing on this problem that were made by him in some of the higher and 
more complexly folded parts of the Santa Lucia*and Diablo mountains. He reports 
localities in which, contrary to the ordinary condition, considerable quantities of 
Franciscan detritus occur in Upper Cretaceous conglomerate; and also some in which 
basal Upper Cretaceous strata be 
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Fic. 5.—Geology at beginning of Tertiary. The Franciscan area shown south of 
Coalinga needs confirmation. Elsewhere the symbols indicate the age of rock upon 
which the Tertiary blanket lies. Compare Figure 17. 
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in print, have been examined by several geologists.* Martinez strata 
here rest on the beveled edges of the Chico and overlap it entirely 
toward the northeast. A few miles south of the line of overlap the two 
formations have nearly the same dip and may appear conformable. 

Angular discordance between Upper Cretaceous and Eocene strata 
is observable here and there in the San Rafael and Diablo uplifts, but 
the absence of Martinez strata in these localities prevents accurate 
dating of the folding movements. Whatever the exact succession of 
events may prove to have been there is a great accumulation of evi- 
dence tending to show that the San Rafael and Diablo uplifts were 
folded, uplifted, and largely eroded to sea-level between some time 
very late in the Cretaceous and the middle of the Eocene. This dis- 
turbance is demonstrated not only by the distribution and character 
of the formations involved, but also by angular discordance and by 
overlap relations along the margins of both uplift areas. Details will 
be given in later chapters. The conclusion seems inescapable that a 
disturbance approximately contemporaneous with the Laramide 
orogeny of the Rocky Mountain region strongly affected the Coast 
Range province. By it the Mesozoic geosynclinal basins were altered 
to folded areas of uplift, the granitic provinces remained as weakly 
positive provinces, and the strongly negative areas of the Tertiary 
now came into existence as narrow embayments covering parts of the 
boundaries between uplifts and granitic provinces. Figures 5 and 6 
will help explain the relations. 


Crnozoic EPEIROGENY 
PALEOCENE BASINS AND DEPOSITS 

Following Stewart and others the writers assume that the Mar- 
tinez formation is Paleocene. It may of course be Danian, as believed 
by some paleontologists, or it may not be a stratigraphic unit. Its 
faunas are poor in many exposures, and those from most localities 
are in need of more thorough study than they have yet had. The 
Martinez is found, commonly as conglomerate and sandstone, in the 
Santa Ana and Santa Monica mountains, on Santa Cruz Island, in 
the Simi Valley, in the mountains south of the south end of the San 
Joaquin Valley, and in a few piaces northwest of Coalinga. It is also 
reported from some localities along the west margin of the Salinas 
Valley.!° Thicknesses in these several localities range from a few 
hundred to a few thousand feet. 


® Among the men to whom the writers are indebted for information on this area 
are Alex Clark, R. W. Burger, Réné Engel, and J. C. Sutherland. 

10 M. G. Edwards, ‘“‘Some Eocene Localities in Salinas Va!ley District, California,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 1 (January, 1933), p. 81. 
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Fic. 6.—Geologic provinces of the Tertiary. Cross-hatched areas are Franciscan 
areas that became uplifts at end of Mesozoic; hachured areas are also underlain by 
Franciscan, but continued negative. The blank areas are underlain by granitic base- 
— This map is the most important of all for an understanding of the thesis of this 
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Except in the Coalinga region, deposits of the Martinez Sea are 
not found in the old geosynclinal areas. The sea left deposits on west- 
ern Salinia (Salinas Valley), east of the Central Geosyncline (Simi 
Hills), on Anacapia (Santa Cruz Island), and northeast of the South- 
ern Geosyncline (Capistrano region), but not, so far as known, within 
the limits of either the Central or Southern Geosyncline. That this 
avoidance of the geosynclines is real, however, is not at all certain. 
As already explained, the Diablo and San Rafael uplifts probably 
came into existence about the end of the Cretaceous and were not 
re-submerged until the Middle Eocene. If the Martinez Sea invaded 
the Central Geosyncline, it was thus probably restricted to the part 
which lies south of the present course of the Santa Ynez River, in 
which only younger beds are now exposed. If it invaded the Southern 
Geosyncline, which is likely from the fact that Martinez deposits 
exist on Santa Cruz Island and east of Los Angeles Basin, our failure 
to find the record may likewise be due to inaccessibility of most of the 
area. However this may be, the Martinez as it is known at present 
is chiefly a littoral deposit of southwestern Mohavia and the two 
peninsulas. 

In addition to Figure 7, which furnishes distributional and thick- 
ness data of the kind shown on the other paleogeographic maps, 
Figure 8 has been prepared as a frankly speculative reproduction of 
the landscape and seaways of Southern California as they may have 
appeared at the beginning of the Tertiary period. This reproduction 
goes beyond the evidence, in the sense that several of its features 
cannot be demonstrated, but it is nevertheless believed to be con- 
sistent with all the facts known about the deposits of the Martinez 
epoch. 


POST-PALEOCENE PRE-EOCENE FOLDING 


That folding movements may have occurred between Martinez 
and Eocene epochs is suggested by the very considerable difference 
in the distribution of their deposits. Because of stratigraphic uncer- 
tainties, however, no example of an undoubted unconformity can be 
given at present. In the type locality of the Mar :nez, Merriam found" 
apparent conformity. In the Simi Valley there seems to be no marked 
unconformity at the top of the formation, but in the upper beds 
classed as Martinez there are fossiliferous Martinez boulders of the 
algal limestone facies” that is absent from the Simi Valley but occurs 


1 John C. Merriam, “‘The Geologic Relations of the Martinez Group,” Jour. Geol., 
Vol. 5 (1897), Pp. 774. 


12 F, B. Tolman, personal communication. 
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Fic. 7.—Martinez (Paleocene) paleogeography. Lands are shown by hachured 
borders; outcrops by stippling, thicknesses (in feet) by figures and isopachs. For the 


uncertainties attending Paleocene paleogeography, see text. 
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commonly in the Santa Monica Mountains, fifteen or twenty miles 
to the southeast, and may once have cropped out in the intervening 
San Fernando Valley. This occurrence clearly demonstrates differ- 
ential movements of some kind, but whether or not they should be 
classed as orogenic is more than usually difficult to say. 


EOCENE BASINS AND DEPOSITS 


A summary account of earlier work on the Eocene and of the 
status existing five years ago may be found in the Geology of Cali- 
fornia. Since that account was written F. B. Tolman and others have 
greatly extended our knowledge of the distribution of the fossil mol- 
lusks and other larger invertebrates; Chester Stock has continued to 
secure mammalian fossils—correlated with the Upper Uinta and 
Ludian—from Simi Valley and elsewhere; and several micropaleon- 
tologists, among whom the writers are particularly indebted to B. C. 
Adams, have investigated more fully the occurrence and distribution 
of the Foraminifera. The work of these men has, in fact, progressed so 
far that it now seems possible, for the first time, to sketch in outline 
the succession of events in the development of Eocene basins of dep- 
osition in the Coast Ranges." 

Until about 20 years ago the whole Eocene series was named 
Tejon, to recall the fact that Eocene fossils had been recognized and 
described from a boulder about a cubic foot in volume which W. P. 
Blake found in Grapevine Canyon near the Tejon Ranch, and sent to 
T. A. Conrad in Philadelphia. After enough paleontologic work had 
been done in this locality and elsewhere to demonstrate that this 
section is incomplete, attempts began to be made to recognize, de- 
fine, and name the stages that are missing here but present in some 
of the other Eocene localities. Among the names in common use at 
present are ““Meganos,” “Capay,” “Domengine,” and ‘‘Tejon,” the 
last being used in a greatly restricted sense. These names, supple- 
mented in all probability by a few others, are likely to prevail and 
eventually to become part of a comprehensive and satisfactory classi- 
fication of California Eocene stratigraphy." 

In spite of this probability, the names are at present so indefinitely 


* The writers are greatly indebted to F. B. Tolman, who furnished most of the 
correlations shown in the stratigraphic figures and tables. He has in preparation a 
—_ that will describe in detail the Simi Valley Eocene section, and will give the 
— evidence upon which his—and our—correlations and conclusions are 


“4 ‘The most recent discussion of this subject, which appeared after this chapter 
was written, is “Summary of Marine Eocene Sequence of Western North America,” 
by B. L. Clark and H. E. Vokes, Bull. Geol. Soc. America, Vol. 47 (1936), pp. 851-78. 
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Fic. 8.—Martinez topography, a speculative restoration § Drawn to show the 
writers’ conception of the structural importance of the orogenic disturbances at the 
close of the Mesozoic era. 
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applied in many localities, and have been used in so many different 
senses that it has seemed better to avoid them or to use them only 
in the local areas to which they particularly apply. In their place it 
has seemed better to use the terms Lower, Middle, and Upper Eocene, 
and to divide each of these groups into an upper and a lower division. 
In order to avoid frequent use of such expressions as “Upper Upper 
Eocene,” the writers occasionally use, with quotation marks, some 
locality terms that may be found in Table II. In selecting these for 


TABLE II 


CLASSIFICATION OF EOCENE STRATA 
UPPER EOCENE 


Upper Upper Eocene—“Coldwater beds.’’ Fossiliferous, Ojai district 
Lower Upper Eocene—“Grapevine Canyon beds,’’ equivalent to the greater part 
of the strata now commonly included in restricted Tejon 


MIDDLE EOCENE 


Upper Eocene—‘“‘Upper Llajas beds,”’ partly equivalent to the Domengine 
of Clar' 


Lower Middle Eocene—“Lower Llajas beds,’’ more or less equivalent to the 
Capay of current usage 


LOWER EOCENE 
Upper Lower Eocene—‘‘Upper Santa Susana beds,”’ equivalent to a part of the 
type Meganos (Meganos D) of Clark 
Lower Lower Eocene—‘‘Lower Santa Susana beds,’’ more or less equivalent to 
beds called Upper Martinez and to others called Lower Meganos in different 
sections 


purely temporary use they have tried to avoid names that might 
appeal to others for general use. Their wish is merely to give at pres- 
ent, without waiting for the evolution of an adequate nomenclature, 
an intelligible discussion of the paleogeography and geologic history 
of the California Eocene, and they hope to avoid setting up any 
stratigraphic terms of such formality as to require attention from 
succeeding writers. Their divisions are not formal stages, zones, or 
even formations, and their terms are purposely put in a form that is 
old-fashioned and deserving of disapproval by serious workers in 
stratigraphy. 

In addition to the correlations suggested by the table, it is worth 
noting here that nearly if not quite all the Eocene occurrences of 
glass sand, pottery clay, and workable coal beds, and all the more 
important limestone lenses such as the Sierra Blanca, belong in the 
Middle Eocene, and that the majority come near the boundary be- 
tween lower and upper Middle Eocene. Thus the glass sand is com- 
monly found near the top of lower Middle Eocene, while the Sierra 
Blanca type of limestone often occurs at the base of upper Middle 
Eocene (Figs. 9 and 10). 
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Table III shows how the Eocene strata of several important sec- 
tions fall into the divisions of the list given in Table II. Only two 
localities, one of them in Middle California, have all the divisions 
clearly represented. The others seem to lack all or part of the Lower 
Eocene. Two sections even begin with the lower member of the upper 
Middle Eocene, the Sierra Blanca limestone horizon. Others begin 
with slightly earlier strata belonging to some part of the lower 
Middle Eocene. Only one of the sections given has no Eocene strata 
earlier than Upper Eocene, but, as Figure 11 shows, similar conditions 
also exist in a part of the area northeast of San Diego. 

Figure 11 is designed to bring out some other facts of distribution 
that are interesting and perhaps important. It shows, for example, 
that Lower Eocene strata are definitely known only in the San 
Joaquin and Santa Barbara embayments and suggests that they may 
underlie all the more central parts of those embayments. Nothing is 
known at present of conditions in the central part of the Capistrano 
embayment. The map shows, further, that lower Middle Eocene beds 
lie upon granite east of the San Joaquin embayment (as the “Ione” 
sequence) and east of the Los Angeles embayment (Torrey and Del 
Mar sands). They are also found locally upon the Cretaceous along 
the flanks of the Diablo and San Rafael uplifts. Upper Middle Eocene 
beds occur with the lower Middle Eocene near San Diego, but are 
not certainly recognized in the Sierra Nevada foothills; on the other 
hand, they extend far beyond the limits of the lower Middle Eocene 
in parts of the San Rafael and Diablo uplifts. The only places, finally, 
where Upper Eocene transgresses so as to lie upon pre-Eocene rocks 
are, first, near Grapevine Canyon in the southeast end of the San 
Joaquin Valley (type Tejon) and second, in an area northeast of San 
Diego (Poway conglomerate). 

The Eocene formations are as diverse lithologically as the later 
series belonging to the Coast Range Tertiary. They include marine 
and nonmarine members, conglomerate, sandstone, argillaceous and 
siliceous organic shale, bentonitic beds, and limestone lenses. It is 
worth noting, however, that in spite of this diversity the earlier geolo- 
gists, who called all the Eocene formations “Tejon,” were much im- 
pressed by the quantity of white sandstone in the series, and also by 
the character of the fossiliferous “reef beds,’”’ which are either calcare- 
ous sandstones or more or less sandy or pebbly limestones. It should 
also be noted that with the probable exception of a few Martinez 
occurrences, all of the glass sand deposits of the State belong to the 
“Tejon” in the old sense, and to the Middle Eocene of the present dis- 
cussion. 


q H 
i 
\ 
| 
| 
| 
| 
== ‘ 
5 
| 
| 


DIASTROPHIC HISTORY 1571 


Fic. 12.—Eocene paleogeography. Symbols as in Figure 7. Note the amount 
of subsidence of the Ventura Basin. 
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This Middle Eocene quartz sand and associated white sands of 
more feldspathic type often occur with coal beds, as already pointed 
out, and occasionally with pottery clays. They belong, in general, to 
the upper part of the division here called the “Lower Llajas beds,” 
or lower Middle Eocene. Associated floras have demonstrated that 
the lands of “Lower Llajas” time were covered with a forest related 
in type to that which now lives in southeastern Asia and the East 
Indies. There is thus an accumulation of evidence tending to confirm 
Allen’s suggestion” that the quartzose character of the “Ione” is due 
to the existence during the earlier Eocene of a period of exceptionally 
thorough chemical weathering. The soils upon the lands at that time 
were leached of everything except such highly resistant minerals as 
certain clays, quartz, gold, and a few heavy minerals. 

We thus picture the California of the earlier Eocene as a jungle- 
covered low land bordered by a broad, shallow sea in which there 
were some forest-covered islands, also of low relief. The sluggish 
streams from mainland and islands may be supposed to have brought 
down clays, silts, and fine sands, but to have permitted coarser ma- 
terials to accumulate on the lands and to be subjected for ages to the 
chemical decomposition characteristic of such a climate and such 
topography. Toward the end of Middle Eocene time the hitherto 
steadily widening seas were shallowed and restricted and the lands 
were arched upward. The rejuvenated streams at first had little to 
work upon except accumulations of non-weathering substances such 
as quartz, gold, zircon, and great thicknesses of thoroughly weathered 
clayey soils. 

After this regressive episode the seas expanded again and in the 
San Rafael and Diablo uplifts reached areas not previously flooded 
since the Laramide folding. The small areas remaining above water 
in these regions were apparently not high enough or extensive enough 
to furnish coarse detritus to many parts of the sea bottom. Where 
currents were strong enough to keep the sand and silt winnowed away, 
masses of shell fragments—the only coarse material available—accu- 
mulated to such an extent as to give rise to the Sierra Blanca lime- 
stone, which is thus in a sense a “‘basal conglomerate” and which in 
places grades into a more normal basal conglomerate. During the rest 
of the upper Middle Eocene, sand and silts accumulated in most parts 
of the sea and toward the end of this epoch the sea began to with- 
draw from some areas. In the Upper Eocene the uniform condi- 
tions of the Middle Eocene were greatly disturbed, though the evi- 


1% VY. T. Allen, “The Ione Formation of California,” Univ. California Pub. Geol., 
Vol. 18 (1929), p. 402. 
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dence available at present comes mainly from the nature of the sedi- 
ments—conglomerate at San Diego, red beds in the Simi Hills, littoral 
sandstones at Grapevine Canyon, and siliceous organic shale at Coal- 
inga—and not from any known unconformities of demonstrated im- 
portance. 

The climate of the Upper Eocene seems to have remained warm 
and rainy, as shown by such criteria as the character of the mollusks, 
the occasional occurrence of orbitoids, and by the nature of the 
lower Sespe mammals, which are of forest-dwelling types. This last 
point is of particular interest in view of attempts that have often been 
made to claim all red beds as desert deposits. 


EOCENE FOLDING 


Lower Eocene was thus a time of restricted seas, Middle Eocene 
of widespread transgression, and late Upper Eocene of a renewed 
regression. Several unconformities have been described in deposits 
representing these epochs but in coastal California at least, none 
seems to be demonstrably of much importance. Even in the Simi 
Valley, where the upper Middle Eocene Las Llajas beds are succeeded 
by nonmarine Upper Eocene red beds, there is no record of measurable 
angular discordance. In the Santa Ynez Valley, Middle Eocene seems 


to overlap Lower Eocene toward the north, but again there is no satis- © 


factory evidence of unconformity. The known unconformities most 
likely to prove important occur about the margins of the San Joaquin 
Valley. Clark has described!’ one from near Coalinga, and another'® 
from the San Emigdio district. Both of them are said to show evidence 
of slight folding. The former belongs within the Middle Eocene, the 
latter, perhaps, between Middle and Upper Eocene. 

By the close of the Eocene the sea had withdrawn from nearly all 
of the California mainland. Throughout the ancestral Ventura Basin 
and about its margins nonmarine red beds were accumulating. The 
San Rafael area was uplifted anew and began to shed sediments to- 
ward the southeast. Part of the area of the present Los Angeles Basin 
was undergoing erosion, as were perhaps nearly all of Salinia and Ana- 
capia, and most of Mohavia.'® Only in the western part of the Central 

16 Chester Stock, “Evidence of Changing Climates during the Later Eocene and 


Oligocene of California,” paper read before Cordilleran Section, Geological Society of 
America, April 18, 1936. 


17 B. L. Clark, “The Domengine Horizon, Middle Eocene of California,’ Univ. 
California Pub. Geol., Vol. 16 (1926), pp. 99-118. 


18 B. L. Clark, “The Stratigraphic and Faunal Relationships of the Meganos 
Group, Middle Eocene of California,” Jour. Geol., Vol. 29 (1921), p. 150. 


19 As shown by the recent discovery of some Lower Oligocene titanotheres, a part 
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Geosyncline and in the central part of the Northern Geosyncline did 
marine deposition continue. On the San Rafael uplift erosion and re- 
current elevation must have gone on apace, since the Franciscan rocks 
of this area contributed coarse detritus to upper Eocene and Oligocene 
basins. North of Coalinga Atwill and others have noted an erosion 
surface between Eocene and Oligocene, “together with the presence 
of the basal shale-pebble and cobble conglomerate in the overlying 
sandstone,’”° 

There is thus some indirect evidence tending to show that impor- 
tant orogenic disturbances occurred at or near the end of the Eocene, 
but direct and indubitable evidence is hard to find. One difficulty is 
that the few areas most likely to furnish the desired evidence have 
been less carefully studied than they deserve to be; a related difficulty 
is that age determinations of Upper Eocene and Oligocene strata still 
leave much to be desired. 


OLIGOCENE BASINS AND DEPOSITS 


As Schenck has suggested,” there are many reasons for suspecting 
that much or all of the Lower Miocene of the Coast Ranges is con- 
temporaneous with Middle and Upper Oligocene of other provinces. 
This suggestion is in harmony with the fact that the Oligocene as 
now recognized in California is generally thin, and that a considerable 
part of the supposed Oligocene of many areas is known to have close 
faunal relations with the Eocene. In the Sespe formation of Simi 
Valley, as noted already, the lower part has yielded Upper Eocene 
(Uinta) mammalian fossils; and in the southern San Joaquin Valley 
the Uvigerina cocoaensis beds, commonly referred to the Oligocene, 
are suspected by some paleontologists to be Eocene instead. 

Since there is no evidence of a widespread Oligocene hiatus in the 
different California provinces, and since the beds recognized as Oligo- 
cene are thin and of Eocene aspect, the most probable conclusion 
seems to be that part or all of the beds commonly referred to Lower 
Miocene should be reclassified as Oligocene. That this reclassification 
is faunally not impossible has been urged by Schenck in the paper 


of Mohave Desert along the Nevada-California line, east of the present site of Death 
Valley, sank at this time and received accumulations of clastic nonmarine beds and 
volcanic rocks. Chester Stock and Francis D. Bode, “‘Occurrence of Lower Oligocene 
Mammal-Bearing Beds near Death Valley, California,’ Proc. Nat. Acad. Sci., Vol. 21 
(1935), 571-79. 

20 E. R. Atwill, “Oligocene Tumey Formation of California,’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 19, No. 8 (August, 1935), p. 1197. 


21H. G. Schenck, “What Is the Vaqueros Formation of California and Is It 
Oligocene?” Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 4 (April, 1935), pp. 521-36. 
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cited. Since the problems of interregional correlation do not closely 
concern the present discussion, however, the writers prefer to adopt 
the commoner correlation, and to discuss as Oligocene only the Coast 
Range strata to which that age has been ordinarily assigned in the 
past. 

These beds belong te a period of marked marine regression. They 
are largely nonmarine, and even the marine deposits are so varied in 
facies as to be difficult to correlate with one another or with the type 
sections of other regions. Perhaps the most striking feature of Oligo- 
cene distribution is the occurrence in an expanded Ventura Basin of 
a great mass of red beds, the Sespe formation. The lower part of the 
formation is now known to be Upper Eocene, and the upper part is 
suspected to be equivalent to marine beds that are correlated with 
Lower Miocene. The formation is locally 7,000 feet thick, however, 
and thus even when the base and top are removed, it is thick as com- 
pared with other Oligocene formations in California (Fig. 14). 

Sespe strata are found both east and west of the Los Angeles Basin, 
and may underlie its eastern margin. They appear to be absent from 
the Channel Islands, and are certainly absent from much of the San 
Rafael Mountain region. They occur in larger or smaller patches in 
Cuyama Valley and in the mountains farther east and south. Though 
well developed in the Santa Ynez Mountains, the Sespe thins and 
becomes marine, at least in part, toward its western end.” Other 
marine strata of Oligocene age are found only in the hills at the south 
end of the San Joaquin Valley and in some localities north and south 
of Coalinga along the west side of the Valley.* These strata range in 
facies from coarse-grained littoral deposits at the south to organic 
siliceous shale near Coalinga; in thickness from more than 3,000 feet 
in the former locality to a maximum of 1,600 feet in the latter. 


OROGENIC DISTURBANCES DURING THE OLIGOCENE 


Near the close of the Oligocene a new area of uplift, the Oakridge 
uplift, came into existence in the southeastern part of the old Ventura 
Basin. The exact history of this event is made uncertain by the scar- 
city of fossils in the upper Sespe and the resulting uncertainty as to 
the exact sequence of events between middle Sespe time and the be- 
ginning of marine Vaqueros deposition. It is nevertheless clear that 
the area of the Oakridge uplift subsided rapidly during Eocene and 
Oligocene and then became an area of slow and uneven subsidence 

3 E. R. Atwill, op. cit., pp. 1192-1204. 
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often interrupted, during the later Tertiary. An examination of the 
paleogeographic maps will make the matter reasonably clear. Further 
details are given later, in connection with the account of the develop- 
ment of the modern Ventura Basin. 

Another event that may date from about the same time is the 
beginning of rapid subsidence in the area of the Caliente trough. The 
problems connected with this event are also discussed later, in the 
account of the Caliente Mountain area. 

In summary, the relatively short period now called Oligocene in 
California was in all probability a time of important diastrophic 
events in the Coast Ranges, but present knowledge of these events 
is still meager and unsatisfactory. The investigations of the next few 
years may enable geologists to unravel the details of a complex and 
interesting history that we do not fully understand at present. 


MIOCENE BASINS AND DEPOSITS 


The Miocene of California (Fig. 16), is thick, widespread, variable, 
and important from many points of view. Because of its wealth of 
fossils of the most varied kinds, and of its outstanding economic im- 
portance, its stratigraphy and paleogeography are now well known. 
The series is thus a very important one from the point of view of 
structural history. For present purposes it may be divided into Lower 
(Vaqueros and part of the Temblor, Rincon, and others), Middle 
(part of Modelo, Monterey, Temblor, Topanga, Maricopa, and sev- 
eral others), and Upper (San Pablo, Santa Margarita, McLure, part 
of Monterey, Maricopa, Modelo, and many others). Since few of the 
names in parentheses are definite except when used locally, they will 
be disregarded for the most part in the subsequent discussion. 

The Miocene has been zoned on the basis of several different kinds 
of fossils, but the most useful zoning at present is that of the fora- 
miniferal workers. About 15 foraminiferal zones are now recognized 
and used in connection with the Miocene of Southern California, and 
most of them are known to extend far beyond the borders of the pro- 
vince. To furnish an idea of the type of classification they permit, 
the zones currently in use in the paleontological laboratory of The 
Texas Company may be listed (Table IV). Other foraminiferal work- 
ers accept a similar classification, but differ more or less in their use 
of zone names. As is natural, also, some workers choose to split some 
of the zones here listed as units, or to lump together two of those here 
considered separate. 

That these zones represent equal periods of time is highly improb- 
able; yet, taken together, they seem to represent practically the 
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Fic. 15.—Geology at end of Oligocene. Note that structural complexity seems to 
have increased greatly since the beginning of the Tertiary, in spite of the fact that major 
unconformities have not been recognized in the Eocene-Oligocene strata. 
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TABLE IV 


FORAMINIFERAL ZONES OF CALIFORNIA MIOCENE 
UPPER MIOCENE 
1. Bolivina seminuda zone 
2. Bolivina hughesi zone 
3-4. Bulimina uvigerinaformis and Baggina californica zones (not always separable) 
Horizon of profound discordance of Santa Monica Mountains 


MIDDLE MIOCENE 
5. Valvulineria californica zone 
6. Baggina robusta zone 
7. Siphogenerina hughesi zone (=“‘button bed” of Temblor Mts.) 


Strong faulting of San Joaquin Hills 


LOWER MIOCENE 
8. Uvigerinella obesa zone 
9. Plectofrondicularia miocenica zone 
10. Haplophragmoides trullissata zone 
11-12. Bolivina marginata var., and Siphogenerina transversa zones 
13-14. Cibicides americanus and Cancris sagra zones 


Horizon of “Vaqueros sandstone’ of Santa Barbara district 


whole of the time during which the California Miocene accumulated. 
It is thus interesting to recall that estimates of the length of Miocene 
time have ranged all the way from a few hundred thousand years to 
15 million years. On the larger and more recent estimates each of the 
15 zones may therefore be imagined to represent approximately a 
million years. If the Lower Miocene is to be considered Oligocene, 
however, the time represented by a zone may be nearer 2 million years. 

The Lower Miocene (Fig. 17) occurs in the hills southeast of Los 
Angeles Basin as conglomerate, sandstone, and sandy shale and is 
presumed to underlie much of the Basin but is absent from at least 
its western edge and from the eastern half of the Santa Monica Moun- 
tains. It is thick and coarse on Santa Cruz and Santa Rosa Island 
(Anacapia), thicker but dominantly fine-grained in what remained 
of the Ventura Basin. It is thin and discontinuous over the western 
half of Salinia, but is several thousand feet thick in a long, narrow 
trough which lies parallel to the length and near the axis of this penin- 
sular mass. On Caliente Mountain, which is near the southeast end 
of this trough, the Lower Miocene is littoral; farther southeast it 
becomes nonmarine. It is apparently absent from the Mohave Desert, 
but may be represented by some of the beds that have not yielded 
fossils. In the area of the Northern Geosyncline, Lower Miocene 
strata are thin or absent north of the latitude of Coalinga, but thicken 
southward and become several thousand feet thick in the hills south- 
east of Maricopa. Beds of the same age and facies as these at Mari- 
copa are found in a small area along Cuyama River a few miles north- 
east of Santa Maria. 
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In summary, the Lower Miocene represents a time of transgres- 
sion after the great regression of the Oligocene. The Vaqueros sand- 
stone, which probably may represent any stage of the Lower Miocene 
or all of it, was the initial deposit of the transgressing sea. Lower 
Miocene deposits occur in all the old basins, and in a few new ones 
such as the Caliente trough. They avoid the San Rafael and Diablo 
uplifts, and are very thin on the new Oakridge uplift. On the other 
hand they are found on the old positive areas not only in the western 
and central parts of the Salinas Valley region, but also near Bakers- 
field, on the Santa Barbara islands, and in the San Juan Capistrano 
area east of the Los Angeles Basin. 

Toward the end of the Lower Miocene there was an outbreak of 
vulcanism in many areas (Fig. 18). In others, the earliest Miocene 
vulcanism dates from the beginning of the Middle Miocene. As ex- 
plained elsewhere,™ the end of the Lower Miocene saw a breaking up 
of the well-integrated drainage system that had been eroding Mohavia 
more and more deeply since the Jurassic period. The development of 
basins that took place at this time was certainly associated with fault- 
ing in some places, and perhaps in many. The apparent interrelations 
of the faulting, vulcanism, and following transgression will be dis- 
cussed later. 

Middle Miocene strata are very widespread in Southern Cali- 
fornia, and are commonly associated with volcanic products. Figure 
19 illustrates the conditions in several areas. In facies, the strata 
range from organic siliceous siltstone to coarse, angular conglomerate 
and agglomerate. As compared with the Tertiary deposits of other 
stages, however, they impress everyone by their uniformity of facies. 
Even in localities where coarse deposits predominate it is not unusual 
to find intercalations of the highly foraminiferal siltstone of the 
“Gould shale” and “Valvulinera beds.” 

Middle Miocene strata occur wherever the Lower Miocene is 
found and in several additional areas. They are found, for example, 
in the eastern part of the Santa Monica Mountains; they remain as 
outliers in many parts of the San Rafael and Diablo uplifts; and they 
occur in nonmarine facies in many Mohave Desert basins, where they 
commonly lie upon Jurassic or earlier rocks. 

The thickness of Middle Miocene strata ranges from a few hun- 
dred feet to more than 5,000 feet. Owing to their lithologic similarity 
to some facies of the Upper Miocene, to the frequent scarcity of fos- 
sils in Upper Miocene strata, and to incomplete investigations, it is 
not yet possible to separate Middle and Upper Miocene strata sharply 

* R. D. Reed, Geology of Califernia, p. 186. 
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Fic. 17.—Lower Miocene paleogeography. Symbols as in 


previous paleogeographic maps. 
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Fic. 18.—Distribution of Miocene volcanic rocks. Note their 
avoidance of the greater basins. 
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Fic. 19.—Middle Miocene paleogeography. In the narrow Caliente trough, west 
of Maricopa, several more isopachs would be necessary to show the full thickness of the 
Middle Miocene. See Figure 16. Y 
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in all localities. Some of the thickness figures of Figure 19 are there- 
fore not as accurate as could be wished. They serve well enough to 
furnish a general notion of the distribution of the Middle Miocene, 
but several of them will undoubtedly be changed by future work. 
For the reasons just stated, the figures showing thicknesses of the 
Upper Miocene (Fig. 20), are also to some extent inaccurate. 

In view of the relative intensity of the folding that locally affected 
Middle Miocene strata before the deposition of the Upper Miocene, 
it is remarkable that the two so nearly coincide in distribution, and 
even in thickness. There are also some similarities in facies, but those 
of the Upper Miocene are much less uniform. Indeed, the heterogene- 
ity of facies, often considered a general trait of the California Ter- 
tiary, reached an extreme during the Upper Miocene. Conglomerate, 
diatomite, coarse white sandstone, and chert are some of the com- 
monest lithologic types, but many others are found. 

A comparison of the coarse detritus of Middle and Upper Miocene 
also reveals the fact that the former is largely of Franciscan origin, 
the latter dominantly granitic. The Middle Miocene San Onofre 
breccia and Big Blue serpentinous member, both described in some 
detail later, contrast strikingly with the coarse granitic Santa Mar- 
garita sands and conglomerates found here and there in the Upper 
Miocene (Fig. 21). Even when the Santa Margarita lies upon the 
Franciscan, as it does in several places, it is either a coarse granitic 
detrital series or fine-grained siliceous shale. These interesting facts 
are most readily explained on the hypothesis that the apparently 
tensional diastrophism of the beginning of the Middle Miocene af- 
fected chiefly the Franciscan areas, while the later, apparently com- 
pressional disturbances chiefly affected the granitic areas. Perhaps the 
change from dominantly basaltic to dominantly andesitic vulcanism 
between Middle and Upper Miocene is in some way related to this 
difference in the site and nature of diastrophic activities. In any event, 
the whole problem seems worthy of thorough investigation for the 
light it may throw on some fundamental principles of tectonics. 

Many of the supposed Upper Miocene nonmarine strata that have 
been described from the Mohave Desert region are now being reclassi- 
fied as Middle Miocene. The Barstow beds, for example, with their 
Merychippus fauna, are probably not much younger than the Mery- 
chippus zone of Coalinga which contains a Middle Miocene marine 
fauna. The typical fossil horse of the Ricardo, on the other hand, is 
now turning up in beds that carry marine faunas hitherto classed as 
Upper Miocene.” For the present, therefore, the Lower Pliocene of 


_ Francis D. Bode, “The Fauna of the Merychippus Zone, Ncrth Coalinga Dis- 
trict, California,” Carnegie Inst. Washington Pub. 453 (1935), PP- 65-96. 
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Fic. 20.—Upper Miocene paleogeography. 
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Fic. 21.—Upper Miocene facies. Shales are indicated by hachures, sandstone 
and conglomerate by stippling, agglomeratic material by dashes and triangles. 
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most vertebrate paleontologists” is at least in part the equivalent of 
the Upper Miocene of the invertebrate paleontologists. Since most of 
the beds under discussion here are marine, it has seemed better to 
call them Upper Miocene, according to the usual view, than to intro- 
duce a drastic change. This point will be mentioned again in the dis- 
cussion of the Ricardo beds of the Mohave Desert region. 


MIOCENE OROGENIC PHASES 


Because of recent stratigraphic accomplishments, the diastrophic 
history of the Miocene is better known than that of any other Ter- 
tiary epoch. For this reason it must be discussed in some detail. 

During the Lower Miocene there seems to have been little, if any, 
diastrophism of a distinctly orogenic character. In this connection it 
should, however, be noticed that the several Lower Miocene fora- 
miniferal zones now recognized have been found in comparatively 
few places. In other places the strata are too coarse to yield good 
foraminiferal assemblages, though some of them yield excellent mega- 
scopic faunas. When the exact correlation of foraminiferal and mol- 
luscan faunas becomes better known, the history of the time will be- 
come clearer in detail and a record may be found of events not now 
suspected. The only diastrophic disturbances now recognized were 
related to the general outbreak of vulcanism that took place within 
the Lower Miocene in some localities, at its close in others. So far as 
can be determined at present, Lower Miocene vulcanism was in gen- 
eral tentative and premonitory, a sort of preparation for what was to 
come during the Middle Miocene. 

The disturbance that closed the Lower Miocene was profound, 
widespread, and probably complex. Though it involved local uplift 
and erosion, it seems in most areas to have caused mainly a lowering 
of the lands and a shallowing of the seas. In at least one locality 
(Fig. 45) it involved extensive high-angle faulting, apparently ten- 
sional in type. As noted above, it came near the beginning of a period 
of exceptionally widespread vulcanism and was followed almost im- 
mediately by a great marine transgression. The disintegration of the 
Early Tertiary drainage system on Mohavia and the development of 
the many separate basins of Miocene deposition in that region were 


J. C. Merriam and Chester Stock, ‘“Tertiary Mammals from the Auriferous Gravels 
near Columbia, California,” ibid., Pub. 440 (1933), pp. 1-6. 


26 P. Teilhard de Chardin and R. A. Stirton, “‘A Correlation of Some Miocene and 
Pliocene Mammalian Assemblages in North America and Asia with a Discussion of 
the Mio-Pliocene Boundary,” Univ. California Pub. Geol., Vol. 23 (1934), pp. 277-90. 

. G. Simpson, ‘‘Glossary and Correlation Charts of North American Tertiary 
Mammal- Bearing Formations,’”’ Bull. Amer. Mus. Nat. Hist., Vol. 67, Art. 3 (1933), 
Figs. 2, 7, et cetera. 
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manifestations of the same period of disturbance. The rhyolitic 
outbreaks of the Sierra Nevada were almost certainly going on, and 
may have begun, about the same time. Even in coastal California 
many new basins of deposition seem to have been developed by this 
disturbance. In Humboldt County, for example, the oldest known 
Tertiary Foraminifera are basal Middle Miocene.”’ In the northern 
Great Basin the beginning of the Columbia lava flows may also have 
come at this time. 

In a few places such as the North Coalinga district there are indi- 
cations of locally strong disturbances within the Middle Miocene, 
but none is demonstrably of much regional significance. Even the 
disturbance that closed the Middle Miocene, though in some localities 
more definitely orogenic than any other known Tertiary disturbance, 
left little clear record of its existence in other localities. In many 
regions, such as the Santa Maria district, the ‘‘Monterey shale” in- 
cludes both Middle and Upper Miocene, and in some the boundary 
between the two is still poorly located. Even in the Salinas Valley 
where a pre-Santa Margarita disconformity has been widely recog- 
nized and discussed, no break of any kind has been recognized in s\ me 
well-exposed sections. 

The folding at this time was especially strong in the mountains 
east and west of the Los Angeles Basin.?* The youngest folded beds 
in each case are ““Topanga”’; that is, at least as young as lower Middle 
Miocene and in all probability younger. The oldest beds above the 
discordant contact are in each case lower Upper Miocene. There is 
thus reason to suspect that the disturbance was very short-lived; in 
fact that it may have run its entire course in less time than that rep- 
resented by an average foraminiferal zone. If the Miocene epoch is 
assumed to have lasted 15 million years or thereabouts, the post- 
Topanga orogeny may have lasted only a few hundred thousand 
years, or perhaps less. 

In spite of the fact that this disturbance was locally strong and 
that its general effects were sufficiently great to replace the homo- 
geneous facies of the Middle Miocene by the heterogeneous facies of 
the Upper Miocene, it had surprisingly little effect, as noted already, 
in displacing the boundaries of the Middle Miocene basins of depo- 
sition. 

27 J. A. Cushman and R. E. and K. C. Stewart, “Tertiary Foraminifera from Hum- 


boldt County, California,” Trans. San Diego Soc. Nat. History, Vol. 6, No. 2 (1930), 
especially Pl. 5. 


28 For the conditions in the Santa Monica Mountains, see H. W. Hoots, ‘Geology 
of the Eastern Part of the Santa Monica Mountains,” U. S. Geol. Survey Prof. Paper 
165-C (1931), Pl. 22 B, et cetera. 
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Fic. 22.—Pliocene-Lower Pleistocene paleogeography. Note the varying 
intervals of the isopachs. 
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During the Upper Miocene and probably not far from its mid- 
point there seems to have been a moderately intense disturbance in 
the San Rafael region. The cross-folding of the present Santa Ynez 
Mountains is thought to be a reflection of more intense folding in the 
area farther north. These cross folds are known to be post-Sespe, 
since the Sespe is involved in the folding east of San Marcos Pass; 
and they are cut by the Santa Ynez fault, which originated after the 
Miocene and probably after the Pliocene. That the folds originated 
during the middle Upper Miocene rather than in some other part of 
post-Sespe pre-Pleistocene time is inferred from the character and 
distribution of three masses of coarse intraformational breccia in the 
Upper Miocene Monterey shale of the Santa Barbara coast (Figs. 
31 and 36). Each of these masses occurs near the plunging south end of 
one of the three most important cross folds; and two of the breccias 
are underlain by shale carrying middle Upper Miocene Foraminifera. 

At the close of the Upper Miocene a marked decrease took place 
in the areas of most basins of deposition; in many localities, further- 
more, the deposition of siliceous shale gave way to the deposition of 
argillaceous muds and coarser detrital materials. There is a change 
from marine to nonmarine conditions north of Coalinga, and an ex- 
tensive overlap with unconformity in the Alcalde Hills. Southeast of 
Maricopa Upper Pliocene beds lie on Upper Miocene with an angular 
discordance of 30 degrees or more,”® but the exact date of the folding 
or foldings is not evident. In the Piru district a discordance is found 
between Upper Miocene shale and a coarse-grained formation vari- 
ously classed as Pliocene or uppermost Miocene. There is thus fair 
evidence for the hypothesis that an orogenic episode occurred at about 
the time commonly accepted as the end of the Miocene. The absence 
of marine Pliocene strata from many mountains with thick Upper 
Miocene marine strata adds to the evidence. 


PLIOCENE AND LOWER PLEISTOCENE BASINS AND DEPOSITS 


Figure 22 brings out the fact that Pliocene and Lower Pleistocene 
deposits of considerable thickness occur only in restricted parts of the 
old Miocene basins. In the main, they avoid the areas that were gen- 
erally positive during the earlier Tertiary; or at most, they reach 
considerable thickness only in narrow basins like the Santa Maria 
Valley or Priest Valley strait. 

The time from the end of the Miocene to the Middle Pleistocene 
orogeny was one of many transgressions and regressions and of several 


2° For an excellent photograph of this feature, see Plate 35-A in H. W. Hoots, 
“Geology and Oil Resources along the Southern Border of San Joaquin Valley, Cali- 
fornia,” U. S. Geol. Survey Bull. 812-D (1930). 
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more or less local disturbances. In each of the major basins, accord- 
ingly, the deposits are divided into several formations and faunal 
zones. Because of the provincial nature of the faunas, however, it 
is not yet possible to correlate the deposits of the San Joaquin Valley 
with those of the Los Angeles or Ventura basin. For this reason it is 
not practical at present to discuss the evolution of the basins from 
stage to stage in as much detail as could be wished. In the present 
connection it will be sufficient, fortunately, to tell the story in general 
terms, leaving the necessary details to later sections that deal with 
some of the individual areas. 

The three largest and most important masses of Pliocene deposits 
in Southern California are found in the Maricopa, Ventura, and Los 
Angeles basins. Thicknesses are very great: unknown, but probably 
10,000-20,000 feet in the first; 18,000 feet in the second; probably 
10,000 feet or more in the third. The Lower Pliocene deposits of the 
Ventura and Los Angeles basins are also remarkable in facies. Each 
of them carries foraminiferal assemblages many species of which are 
now living off the coast of Southern California at depths of one to two 
miles.*° The Maricopa Basin Pliocene has not yet yielded evidence of 
similarly deep water during its accumulation. It is interesting, among 
other reasons, for the way in which it interfingers with nonmarine 
deposits, without marked change in thickness, along a curved line 
running from near Bakersfield to a point not far northeast of Coalinga. 
Alluvial and lacustrine deposits accumulated over the part of the 
Great Valley north of this line. 

Lower Pleistocene deposits accumulated in all of the Pliocene 
basins but the sea remained only in those at the margins of the present 
ocean. The nonmarine Saugus, Paso Robles, and Tulare deposits date 
at least in part from this time. Thicknesses are of the order of 1,000- 
5,000 feet. The marine formations referred to the Lower Pleistocene 
include part or all of the Santa Barbara, the upper few thousand feet 
of folded beds in the Ventura Basin, and the Lomita, Timms Point, 
and San Pedro (Arnold’s Lower San Pedro) of the Los Angeles Basin. 


DISTURBANCES WITHIN PLIOCENE-LOWER PLEISTOCENE TIME 


The best-authenticated discordant contact known within the Plio- 
cene of California is perhaps the one at the base of beds containing a 
Bulimina subacuminata fauna, of Lower Pico age, in the beach section 
south of Eel River in Northern California.** Beneath it, with a dip 


30M. L. Natland, ‘““The Temperature and Depth-Distribution of Some Recent and 
Fossil Foraminifera in the Southern California Region,” Bull. Scripps Inst. Oceanog- 
raphy, Tech. Ser., Vol. 3 (1933), pp. 225-30. 


1D. D. Hughes, oral communication. 
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several degrees greater, is the Bolivina angelina subzone of the Re- 
petto. The upper part of the Repetto, corresponding to 500 feet or 
more in the Los Angeles Basin, is cut out by erosion. That a similar 
unconformity exists in Southern California has long been suspected, 
but it has not yet been found. 

A remarkable disconformity exists in the Repetto Hills between 
the Lower and Upper Pico. It is sufficiently general so that the Middle 
Pico Bolivina robusta beds do not outcrop anywhere east of the New- 
port-Inglewood belt, though they have been found in a great many 
wells, including some drilled in the basin at no great distance from its 
border. In the Ventura Basin no disconformity has been found at the 
corresponding horizon, but the occurrence of a contemporaneous re- 
gression is suggested by a marked coarsening of Middle Pico beds. 
In the San Joaquin Valley there is a similar widespread disconformity 
caused by a marine regression at about the horizon of the Upper 
Mulinia bed, but whether or not it corresponds in time to the Bolivina 
robusta regression is still uncertain. Unconformities of one kind or 
another have also been described in the Pliocene of the Santa Maria 
district, but nothing definite seems to be known as to how they 
correspond in time with those of other basins. 

The end of the Pliocene, as now understood, was not a time of 
notable disturbance. In the San Joaquin Basin some slight oscillations 
of the bottom took place, but there as nearly everywhere else in the 
part of the State now emergent, the most striking feature was a gen- 
eral displacement of marine by fresh water. Only in a few places, such 
as the Los Angeles Basin and the perennially negative Ventura Basin, 
did the sea persist into the Lower Pleistocene. 

Along the seaward margin of the Los Angeles Basin there is a 
remarkable angular unconformity between Lower San Pedro beds of 
Lower or Middle Pleistocene age and Upper San Pedro beds that are 
considered Upper Pleistocene.* In most other California localities 
where Pliocene beds are folded the conditions can all be satisfactorily 
explained on the assumption that the last strong folding of the Ceno- 
zoic was contemporaneous with this folding at San Pedro. Stille* has 
designated these movements at the Pasadenan orogeny. 

With reference to the age of the oldest folded beds, it is interesting 
to notice that all of the supposedly cold faunas now known are found 
in them. The Upper San Pedro molluscan fauna contains some warm- 


32H. S. Gale ef al., “Southern California,” XVI Int. Geol. Cong. Guidebook 15 
(1933), PP. 8, 21, 34-43, et cetera. 

3H. Stille, “Der derzeitige tektonische Zustand der Erde,”’ translated as ‘‘Present 
Tectonic State of the Earth,” Bull. Amer. Assoc. Petrol. Geol., Vol. 20, No. 7 (July, 
1936), Pp. 849-80. 
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temperate forms that no longer live as far north as San Pedro, and 
has therefore been considered to be possibly interglacial. If so, the 
cool-water faunas contemporaneous with the later glacial stage or 
stages have not yet been discovered. 

If the known cool-water faunas are Pliocene, as has often been 
suggested, we are in the curious position of knowing two cool-water 
faunas of the Upper Pliocene and none of the Pleistocene. If these 
faunas of the folded beds are Pleistocene, on the other hand, it is 
interesting to notice that approximately thirteen marine terraces* of 
post-folding age are found along the Southern California coast, and 
to reflect on the extreme difficulty of correlating any of them with 
definite stages of the Ice Age. In summary, the correlation of these 
deposits is so uncertain as to lead to many speculations but not to 
any very satisfactory conclusions. 


POST-PLEISTOCENE (POST-UPPER SAN PEDRO) DISTURBANCES 


That faulting has gone on in California since the Pleistocene and 
that it still continues are well-established facts. It is thus not surpris- 
ing to learn that the Upper San Pedro and correlative formations have 
been faulted and steeply tilted, and even arched into definite anti- 
clines in some of the more active areas. That most Coast Range anti- 
clines have been posthumously uplifted in post-Pasadenan time is, 
as a matter of fact, also well established. So general is this condition 
that only a small proportion of the known folds of the State totally 
lack topographic expression. Typical examples of the normal condi- 
tions are furnished by Kettleman Hills and Elk Hills in the San Joa- 
quin Valley or Signal Hill and Ventura anticline in coastal California. 


CoNcLUSION ON DIASTROPHIC HISTORY 


From this review of Coast Range diastrophic history, it is clear 
that diastrophism has progressed spasmodically. Some short periods 
have been typically orogenic, some longer ones typically epeirogenic. 
It is also clear, wherever correlation data are adequate, that all tectoni- 
cally comparable areas have been similarly affected during each oro- 
genic or non-orogenic period. So far as the available data permit us 
to judge, therefore, California structural history has involved an al- 
ternation of widespread orogenic and epeirogenic phases. 

It must be admitted, however, that so far as one can see at pres- 
ent there have been periods that were not definitely either orogenic 


* Cf. W. P. Woodring, ‘Fossils from the Marine Pleistocene Terraces of the San 
Pedro Hills, California,” Amer. Jour. Sci., Vol. 29 (1935), pp. 292-305. 


%6 A discussion of the meaning of these recent disturbances and their importance for 
tectonic geology may be found in the paper by Stille, already cited. 
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or epeirogenic. In some cases, like the post-Lower Miocene disturb- 
ances or like the present with its faulting, the trouble may perhaps 
be taken care of by revised definitions. In other cases the solution 
may involve the admission that epeirogenic movements, at their 
maximum, may produce results closely similar to those produced by 
weak orogenic disturbances. 

Perhaps the most surprising suggestion brought out by this study 
is the one concerning the short-lived character of some disturbances. 
As noted earlier, the ““Temblor” fauna ranges above and below the 
sharp unconformity marking the post-Lower Miocene disturbance; 
the beds above and below the post-Middie Miocene unconformity 
have generally been thrown together as ““Monterey” or “Modelo”; 
and the time represented by the last great orogeny, that of the Middle 
Pleistocene, was too short to permit any specific change in such 
rapidly changing animals as horses and elephants. If the apparent 
meaning of this fact is grasped, it will be evident that even if we should 
find twice as many orogenies in the Tertiary as we now suspect, we 
shall not be justified from this fact alone in believing that orogeny is 
a continuous phenomenon. If the Miocene was 15 million years long, 
and if it included three orogenic disturbances lasting altogether a 
half million years, then the times of epeirogenic calm would have 
amounted to 30 times the length of the disturbed periods. At present 
there is no evidence that the disproportion may not have been even 
greater; that is, that the epeirogenic part of the Miocene may not 
have been more than 30 times as long as the three known disturbances 
taken together. 
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CHAPTER III 


NORTHERN GEOSYNCLINAL BASIN AND 
COALINGA DISTRICT 


An attempt has been made in the foregoing pages to show that the 
diastrophic history of Southern California is closely related to the 
structural pattern illustrated in Figures 2 and 6. The following pages 
describe in greater detail the several provinces—three negative areas 
separated by two dependencies of the major positive area to the east 
—that constitute the elements of this pattern, and show how some of 
the more important structural details such as faults, folds and basins 
are related to them. 


N GORTHERN GEOSYNCLINE 


The Northern Franciscan area is bounded on the east by the San 
Joaquin Valley subprovince of Mohavia and on the west by Salinia. It 
extends hundreds of miles northward beyond the bounds of Southern 
California, but shows throughout its extent many of the features that 
characterize the part within our boundaries. Its most striking feature, 
to which apparently many of its other peculiarities are related, is the 
possession of a basement of Franciscan rocks. These rocks are com- 
monly supposed to lie upon granite, and may do so. If the granite 
is everywhere present under the Franciscan, it is presumably either 
intrusive into it, or unconformable beneath it. The writers see no 
available method of deciding at the moment whether the granite is 
present, or if so, whether it is intrusive or unconformable. 

The eastern boundary of the Franciscan is also uncertain. A well 
drilled south of Merced, not far from the center of the Valley, passed 
from Upper Cretaceous rocks directly into granite. Partly for this 
reason, and partly because the strong folds and faults of the Coast 
Ranges meet the very slightly folded and faulted strata of the San 
Joaquin Valley along a nearly straight line, it is generally assumed 
that the Franciscan rocks are either absent or very poorly represented 
under the Valley. The boundary as drawn on the writers’ maps is 
located on this supposition. 

In passing, it is worth noting that some beds showing many re- 
semblances in lithology to the Franciscan occur west of the Mother 
Lode in the foothills of the central Sierra Nevada. The stratigraphy 
and structure of these rocks are not well known at present, and the 
occurrence is in any case beyond the limits of Southern California, 
as here defined. 
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The western boundary of the Northern Geosyncline is sharp and 
precisely drawn, being the San Andreas fault. A discussion of the ori- 
gin and nature of this well-known structural feature will be found on 
a later page of this chapter. 

So far as can be seen at present, the Northern Franciscan basin 
remained substantially a unit during the Mesozoic, but became di- 
vided into subprovinces about the beginning of the Tertiary. The 
subprovinces south of Coalinga are here called the Diablo uplift, and 
the San Joaquin embayment. The Diablo uplift was generally positive 
during the Tertiary, being raised during each regression, though 
partly flooded during the greater transgressions. The San Joaquin 
embayment was generally negative and has therefore a much more 
nearly complete section. At its boundary with the uplift there is a 
magnificent series of overlaps and unconformities that have fascinated 
California geologists for a generation or more. 

Perhaps the best way to furnish a satisfactory idea of the chief 
features of this Northern basin will be to describe briefly the general 
geology of the region south and west of Coalinga, as far as Devils 
Den and Lost Hills. The chief features of this interesting district are 
described and illustrated in several publications of the United States 
Geological Survey,* and some of them have been discussed in shorter 
publications. The writers’ summary draws on all published and many 
unpublished works, and also upon observations made by one or both 
of the writers. 


GEOLOGY OF THE COALINGA DISTRICT 


The geography of the Coalinga district is illustrated in the sketch 
map, Figure 24. The town of Coalinga lies in a sub-circular valley 
plain, Pleasant Valley, which is continued northwestward, greatly 
narrowed, in White Creek and Los Gatos Creek valleys. To the south 
and southeast it merges with the synclinal Kettleman Plain, which 
persists as far as the south border of the district. North of Pleasant 
Valley rises a 4,000-foot anticlinal mountain, Joaquin Ridge, which is 
continued to the southeast, by the much lower Anticline Ridge, the 
site of the Eastside oil field. The southward continuation of this ridge, 
and the east border of the Kettleman Plain, is formed by the Kettle- 
man Hills. Three low passes connect the Pleasant Valley-Kettle- 
man Plain lowland with the main San Joaquin Valley plain. Two of 
these passes coincide with structural saddles, one of them lying be- 

% See especially R. Arnold and R. V. Anderson, ‘Geology and Oil Resources of the 
Coalinga District,” U. S. Geol. Survey Bull. 398 (1910). 


R. W. Pack and W. A. English, “Geology and Oil Prospects in Waltham, Priest, 
Bitterwater, and Peachtree Valleys,” ibid., Bull. 581-D (1914). 
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Fic. 24.—Map of Coalinga district. Topography suggested by lines that approxi- 
mate contours and by stippling. There is no definite contour interval. Fold axes and 
some faults are also shown. 
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| Pate III-A.—Curry Mountain from the south. The top of the ridge is Cretaceous, the 
flanks are Pliocene. Jacalitos Creek is in middle distance. 


Prate III-B.—Looking north up Sespe Creek at the type locality of the 
Sespe “brownstone.” 
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tween Anticline Ridge and the North Dome of Kettleman Hills, the 
other between the Middle and South domes. 

West of Pleasant Valley rises a tilted plateau-like area, the Al- 
calde Hills, culminating toward the west in Juniper Ridge and the 
other rough, mountainous ridges north of Waltham Valley. Curry 
Mountain and the Jacalitos Hills belong structurally with the Alcalde 
Hills-Juniper Ridge country, but are separated from it by the deep 
Alcalde Canyon of Waltham Creek. Southeast of Jacalitos Creek 
stretches the belt of canyon-crossed ridges known as the Kreyenhagen 
Hills. Toward the southwest these hills rise toward the narrow, saw- 
toothed Reef Ridge, with Castle Mountain lying in the background a 
mile or two farther southwest. Castle Mountain itself is a great open 
syncline, and is continued toward the southeast by the much lower 
synclinal McLure Valley. 

McLure Valley is separated from the Kreyenhagen Hills and Kettle- 
man Plain by an interesting ridge composed of anticlinally folded 
Upper Miocene siliceous shale, the McLure shale. Toward the south 
the valley is bounded by the complex group of low hills near Devils 
Den, and to the southwest by the anticlinal mountain, Avenal Ridge, 
and by Orchard Peak. 

Stratigraphically, the Coalinga district is characterized by a nearly 
complete series of Mesozoic and Cenozoic formations, most of which 
are subject to much lateral variation (Fig. 25). The most nearly 
continuous sections lie to the east and northeast; the most discontinu- 
ous to the west and southwest. The intermediate belt, corresponding 
to the foothills west of Pleasant Valley and Kettleman Plain, is char- 
acterized by numerous overlaps and unconformities. 


MESOZOIC FORMATIONS 


Franciscan and granite—Lower Mesozoic Franciscan rocks crop 
out over considerable areas near the San Andreas fault. Farther north- 
east they are commonly found only in elongated, generally narrow 
belts that form the cores of some of the major anticlines. That they 
underlie the entire district, from the San Andreas fault to the west 
edge of the San Joaquin Valley and perhaps farther, is a reasonable 
assumption for which, however, direct evidence is still lacking. 

The Franciscan complex of this district includes igneous, sedi- 


mentary, and metamorphic rocks of all the kinds commonly found’ 


associated in other Franciscan areas. The harder rocks are commonly 
broken and veined, the softer ones crushed and slickensided. The 
“blue band,” which for a distance of several miles forms a narrow 
core along the axis of the Reef Ridge anticline, contains small frag- 


. 
| 


STRUCTURAL EVOLUTION OF CALIFORNIA 


ebuye 
Silt 110 uoAue>y Dui 1209 


1602 


4 7 

2 

4 

| 2 Sie | 


GEOSYNCLINAL BASIN AND COALINGA DISTRICT 1603 


ments of sandstone, basalt, serpentine, radiolarian chert, glaucophane 
schist, and many others, all thoroughly kneaded together. Many 
other occurrences are similar, but some are less heterogeneous. 

Structurally, the Franciscan complex is like a mass of dough with 
a minor proportion of hard constituents interspersed. Except when it 
is overlain by a thick series of highly resistant beds, its instability 
permits the superjacent formations to become broken and bent very 
irregularly. Many large and small folds of the Coalinga district are 
of the diapir type, as has been noted by many students of the district. 
They are thus similar to Mount Diablo*’ and other “upthrust” areas 
farther north. 

Cretaceous.—The Cretaceous rocks of the Coalinga district include 
Aucella-bearing dark shale, sandstone, and conglomerate, some of 
which may prove to be Upper Jurassic; thick Upper Cretaceous con- 
glomerate, sandstone, and shale; and locally, 1,000-2,000 feet of 
brownish or purplish siliceous and calcareous, diatomaceous, and 
foraminiferal shale. The last-mentioned member is not certainly rec- 
ognized in outcrop south of Coalinga, but presumably underlies the 
outer foothill belt. 

In the area nearest the San Andreas fault, the Cretaceous is pre- 
served only as larger or smaller patches of Aucella-bearing shale. 
On the slopes of the higher ridges there are larger masses of. great 
thickness, the Upper Cretaceous members of the series being well 
represented. Toward the east they are irregularly overlapped by dif- 
ferent Tertiary formations, almost any one of which may locally lie 
upon the Cretaceous or even upon the Franciscan. The total thick- 
ness of strata referred to the Cretaceous amounts to 25,000 feet or 
more, but in many sections there is only 5,000-10,000 feet exposed 
between the underlying Franciscan and overlying Tertiary forma- 
tions. The thinning is due in part to erosion in most cases, but in some 
it seems to be due largely to irregular subsidence during the time of 
Cretaceous deposition. On Joaquin Ridge, for example, the Cretaceous 
is much less than half as thick as it is in Alcalde Hills to the south- 
west, or in Panoche Hills to the north, and the difference seems to 
be due not to erosion during or after the Cretaceous, but simply to a 
slower subsidence of this area. So far as the Upper Cretaceous is con- 
cerned, at any rate, there seems to be no absence of any member, but 
instead a marked thinning of each of them. Additional study of this 
important feature and of many other features of the Cretaceous of 
this district is greatly needed, and is long overdue. 


37 J. A. Taff, “Geology of Mount Diablo and Vicinity,” Bull. Geol. Soc. America, 
Vol. 46 (1935), pp. 1079-1100. 
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CENOZOIC FORMATIONS 


As already suggested, the Cenozoic formations are distributed in 
three belts; a belt of remnants in the higher ridges and intervening 
synclinal valleys; a belt in which most formations are present but 
each one likely to be in unconformable relation with any other, in 
the higher foothills; and a belt of thick, nearly continuous formations 
under Kettleman Plain and the Kettleman Hills. The formations are 
referred to the Eocene, Oligocene, Miocene, Pliocene, and Pleistocene 
epochs. 

Eocene.—True Martinez beds are definitely known only north of 
Joaquin Ridge, but they probably underlie the outer foothill belt 
farther south. The “Martinez (?) formation” of Anderson and Pack 
is now generally considered to be Lower and Middle Eocene. The 
beds of Eocene age include the Cantua, Avenal, and Domengine sand- 
stone members, a thick clay shale member north of Coalinga and a 
thinner one in the Devils Den area, and a white siliceous shale mem- 
ber in each area of Eocene outcrops. In its content of siliceous shale 
and coal members, the Coalinga Eccene resembles that of the central 
part of California and differs from that in most areas farther south. 

In the vicinity of Big Tar Canyon and the southeast end of Reef 
Ridge, the basal member of the Eocene, the Avena! sandstone, lies 
with an angular discordance of about 30 degrees upon pre-Moreno 
Cretaceous. Elsewhere, as on the Coalinga anticline and at Devils 
Den, the Cretaceous-Eocene contact seems to be merely disconform- 
able. The general absence of Paleocene strata and the local occurrence 
of an angular discordance are among the reasons for believing that 
the Diablo uplift came into existence at the beginning of the Tertiary. 

Oligocene.—For many years the several occurrences of Kreyen- 
hagen shale were grouped together as doubtfully Oligocene in age. 
Foraminiferal studies of the last few years have shown that the Krey- 
enhagen is a composite formation, however, and that only the upper 
part in a few areas seems referable to the Oligocene.** It carries a 
small molluscan assemblage and the Uvigerina “glabrans”’ foraminiferal 
faunule. In most exposures it is cut out by the unconformity at the 
base of the overlying Miocene. The basal part is commonly a sand- 
stone, in many places glauconitic. 

The Oligocene strata in this district constitute merely a minor 
part of the easily deformable Kreyenhagen shale. They are very di- 
ferent lithologically from the more southerly occurrences of the Oligo- 
cene. 


3% FE. R. Atwill, “The Oligocene Tumey Formation of California,’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 19 (1935), p. 1192. 
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Miocene.—The Miocene formations of the district include a trans- 
gressive Lower Miocene series of shale and sandstone; a more trans- 
gressive Middle Miocene series of similar character; and a locally 
transgressive Upper Miocene formation which is dominantly white 
sandstone north of Coalinga, and brown, often white-weathering, 
siliceous shale south of Coalinga. The Lower and Middle Miocene 
series include the Temblor and Big Blue members. 

The Wagonwheel Mountain section near Devils Den has repre- 
sentatives of Lower, Middle, and Upper Miocene separated by un- 
conformities. The Temblor formation of Reef Ridge includes Lower 
and Middle Miocene representatives near the southeast end of the 
ridge, but only Middle Miocene, resting upon Eocene or Cretaceous, 
farther northwest. In Alcalde Hills the Miocene strata are so thin and 
poorly exposed that doubt has long existed as to the correlation of the 
beds found there. The entire thickness is only a few feet, and fossils 
collected from different beds have been referred to Middle and Upper 
Miocene. 

North of Coalinga the Temblor formation includes leaf-bearing 
beds (Lower Miocene?) at the base, a calcareous reef bed near the 
middle, and the Big Blue member with its serpentine detritus at the 
top. The Big Blue has an eroded and mollusk-bored upper surface 
and is overlain by the sandy shale and white littoral sandstone of 
the Santa Margarita. The age and origin of the Big Blue give rise to 
interesting problems that will be discussed in a subsequent passage. 

The most continuous Miocene section in the district has been re- 
vealed by the deep wells of Kettleman Hills. If the Reef Ridge forma- 
tion of disputed age is omitted, the Miocene strata are here 3,000- 
4,000 feet thick, with Upper, Middle, and Lower series well repre- 
sented. Some details will be given in connection with the problem of 
the origin and age of the Big Blue. 

In the mountainous district southwest of Reef Ridge, Middle Mio- 
cene reef beds and Upper Miocene McLure shale commonly occur 
together. In the McLure Valley syncline, however, the McLure shale 
rests upon the Cretaceous nearly everywhere except at the south end, 
where Middle Miocene sandstone is found. 

The age and origin of the Big Blue——The Big Blue was probably 
named by early drillers or still earlier settlers in the Coalinga district. 
It was discussed at some length by Arnold and Anderson,*® who men- 
tion it as a “zone of bluish-gray and variegated clay, sand, gravel, 
and serpentine detritus locally known as the Big Blue.” Finding it 


39 “Geology and Oil Resources of the Coalinga District, California,” U. S. Geol. 
Survey Bull. 398, p. 76 €. 
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between fossiliferous “Vaqueros” and Santa Margarita formations, 
they referred it to the Upper Miocene, supposing that an important 
unconformity, not visible where they studied the contact, might exist 
at its base. They described its use as a marker in the Coalinga East- 
side wells, and noted that its texture becomes coarser northward from 
the field. They pointed out that the member must have been formed 
by streams draining from a nearby area of Franciscan rocks like that 
now exposed on Joaquin Ridge. 

In extending northward the geologic mapping begun in the Coa- 

linga district, Robert Anderson and R. W. Pack had the opportunity 
to study the member in the Big Blue Hills where it has its maximum 
thickness and most striking characteristics. They reported that 
it is remarkable for being little else than a compacted mass of serpentine dust, 
flakes, and pebbles. With this shale are conglomerates formed almost entirely 
of serpentine bowlders, the largest of which are huge blocks many feet in 
diameter. 
A photograph shows a boulder so large that it completely dwarfs a 
horse standing beside it. They noted the variable thickness, from 40 
to about 1,000 feet. The areal extent of outcrop of the member is 
given as about 20 miles, from the Eastside field to a point northeast 
of Ciervo Mountain. 

On the origin of the Big Blue, Anderson and Pack wrote:*® 

The sedimentary nature of the beds is unquestioned . . . and the material 
forming them must have been weathered and transported from a near-by 
landmass of serpentine, which was almost certainly that on the summit of 
the range [Joaquin Ridge] south of New Idria. An inspection of the geologic 
map will show the relatively small extent of the Big Blue and its close geo- 
graphic relation to the serpentine at the crest of the range. 

The geographic relation mentioned in this passage is striking, but 
it should be noted that no Big Blue outcrop is nearer the serpentine 
mass than six miles. 

On the age of the member, Anderson and Pack were forced to dis- 
agree with earlier views because of the discovery of ‘‘Vaqueros”’ fos- 
sils “at several points in the Ciervo and Big Blue hills in sandy beds 
interstratified with or overlying the serpentinous beds of the Big 
Blue. .. . ” Later workers have confirmed this discovery, though the 
fossils called Vaqueros by Anderson and Pack are now called Temblor 
and are referred to the Middle Miocene. This conclusion is in harmony 
with the views of vertebrate paleontologists, as summarized recently 
by Bode.“ 


4° “Geology and Oil Resources of the West Border of the San Joaquin Valley North 
of Coalinga,” U.S. Geol. Survey Bull. 603 (1915), p. 84. 


“1 Francis D. Bode, ‘The Fauna of the Merychippus Zone, North Coalinga Dis- 
trict, California,” Carnegie Inst. Washington Pub. 453 (1935), p. 85. 
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The oil wells of the Kettleman Hills have unexpectedly thrown 
new light on the question of the age of the Big Blue. As suggested 
in Figure 26, it seems to be represented in this field by a shaly member 
called the “Upper Variegated,” which lies about 300 feet below the 
base of the siliceous Upper Miocene McLure shale. It lies upon coarse 
sand about 125 feet thick, which lies in turn upon 100 feet of black 
shale referred by Goudkoff and many other paleontologists to the 
lower Middle Miocene “Gould shale.”’ In summary, the Upper Varie- 
gated shale in this area lies near the middle of that part of the Kettle- 
man sand which most workers take to represent the Middle Miocene. 
The suggestion is obvious, though not demonstrable at present, that 
the Upper Variegated shale and the Big Blue should be attributed to 
a diastrophic disturbance that took place about the middle of the 
Middle Miocene; that is, between Baggina robusta and Valvulineria 
californica time. If this surmise is correct, it seems likely that a 
Valoulineria californica fauna may eventually be found either in the 
Upper Variegated shale itself or in the sandstone overlying it. 

At first sight it would seem simpler to assume that the Big Blue 
resulted from local uplifts either at the beginning or end of Middle 
Miocene, since widespread disturbances in coastal California are 
known to have occurred at both these times. So far as the Coalinga 
district is concerned, it should be noted that neither of these disturb- 
ances seems to have strongly affected the Franciscan areas. The pre- 
Middle Miocene disturbance was closely followed by a widespread 
transgression over much of the exposed Franciscan, and the later dis- 
turbance was immediately followed by the deposition in the same 
areas of Upper Miocene beds of two types: white granitic sand, and 
siliceous shale. Neither type of lithology suggests that strongly up- 
lifted areas existed at this time in the Franciscan belt. The evidence 
from physical geology is thus in harmony with that from paleontology 
and stratigraphy in suggesting that the Big Blue belongs to the middle 
rather than to the beginning or end of the Middle Miocene, even 
though this conclusion makes it necessary to introduce into the 
writers’ list a new period of locally strong diastrophism. 

Pliocene-—The dividing line between Miocene and Pliocene in 
this district has long been in dispute. It is now generally agreed that 
the McLure shale is Miocene and the Jacalitos-Etchegoin series Plio- 
cene, but the correlation of the intervening Reef Ridge shale is still 
in doubt. Barbat and Johnson refer it to “uppermost Miocene on the 
basis of the stratigraphic relations and faunal content.’ Goudkoff 
reports, on the other hand, that 


“ W. F. Barbat and Floyd L. Johnson, “Stratigraphy and Foraminifera of the 
Reef Ridge Shale, Upper Miocene, California,” Jour. Paleon., Vol. 8 (1934), P. 11. 
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the microfauna in the upper part of the so-called ‘‘caving blue shale’’ or Reef 
Ridge formation shows that this part is much more closely related to the over- 
lying Jacalitos than to the lower part of the ‘‘caving blue shale.” 


It would seem, therefore, that the lower part, at least, of the formation 
is Upper Miocene, as the limit is now drawn in California, but the age 
of the upper part is not agreed upon by all interested parties. If the 
Reef Ridge south of Coalinga is shown to be the equivalent of the 
Santa Margarita north of Coalinga, as many geologists consider likely, 
the case for a Miocene age of the former will be greatly strengthened 
—unless Coast Range geologists decide to follow the lead of those 
vertebrate paleontologists who call the continental correlatives of the 
Santa Margarita, Lower Pliocene. 

The undoubted Pliocene strata consist of the Jacalitos and Etche- 
goin formations of Arnold and Anderson—referred by them to the 
Upper Miocene—the “Etchegoin group” of Nomland, the Etchegoin 
and overlying San Joaquin clay of Barbat. The word “Etchegoin” is 
thus used for the whole series, for the upper part only, and for the 
lower part, by three of the most influential writers on Coalinga stratig- 
raphy. For present purposes the question of nomenclature is fortu- 
nately not important. The strata are nearly all marine south of 
Coalinga, though a few nonmarine or brackish-water intercalations 
occur in the upper third of the series. They consist of hard or soft, 
gray, brown or blue sandstone members interbedded with sandy or 
clayey soft shale. Several of the fossil beds may be traced in outcrop 
for many miles. In some places the shales yield Foraminifera, mostly 
of shallow-water type such as Elphidium. 

North of Coalinga the marine members thin out and the entire 
section becomes nonmarine within a distance of a few miles. This 
change takes place across an eastward trending belt, the south edge 
of which runs across the Eastside oil field. It is an interesting fact 
that a striking change in facies of both Upper Miocene and Pliocene 
formations takes place in this same area. 

The Coalinga area is thus seen to have formed the northern margin 
of the Pliocene San Joaquin Valley sea. It was connected with the 
ocean through a strait across what is now Priest Valley. The sandstone 
members of the Pliocene are thicker and more prominent along this 
old strait and immediately in front of it to the southeast than else- 
where. Toward the south and southeast the sandstones are finer- 
grained, the shales more commonly clayey or even diatomaceous. The 
nonmarine intercalations in the upper part of the series are so persist- 


43 Paul P. Goudkoff, “Subsurface Stratigraphy of Kettleman Hills Oil Field, Cali- 
fornia,” Bull. Amer. Assoc. Petrol. Geol., Vol. 18, No. 4 (April, 1934), Pp. 473- 
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ent that they have been recognized in deep wells throughout most of 
the southern San Joaquin Valley. 

Perhaps the best evidence for considering these beds Pliocene 
comes from the occasional mammalian fossils that have been collected 
from them. Thus, the basal Jacalitos has yielded a Neohipparion near 
molle; the middle beds carry Pliohippus coalingensis, the upper ones 
Plesippus (or Equus) proversus. 

Pleistocene—At the end of Etchegoin time the sea withdrew 
finally from the Coalinga district and a small amount of warping, 
with local erosion, took place. Subsidence continued thereafter until 
2,000-3,000 feet of the nonmarine Tulare formation had accumulated. 
During this subsidence the Coalinga foothill belt west of Kettleman 
Plain seems to have lain near the edge of a lake that covered much or 
all of the San Joaquin Valley. As it is exposed in the Kreyenhagen 
Hills the Tulare formation carries huge lenses of conglomerate that 
may mark the mouths of streams that drained into the lake from the 
rising mountain area to the west. The conglomerates.carry fragments 
of Cretaceous and Tertiary formations, including boulders of the 
Temblor reef beds and cherts from the McLure shale. 

The Tulare formation is separated by a profound angular discord- 
ance from the arched and tilted deposits dating from the later Pleisto- 
cene. A period of strong folding and vigorous erosion must therefore 
have taken place during a part of the Pleistocene. It was followed by 
deposition in some of the lower areas and by renewed arching and 
minor faulting in local areas. 

On the date of the stronger folding here referred to the Middle 
Pleistocene, it may be noted that W. F. Barbat has suggested a chro- 
nology that would make the Tulare formation fairly late Pleistocene. 
He suggests, in brief, that most of the San Joaquin clay formation of 
the series here called Pliocene should be considered Pleistocene. 
Other paleontologists have suspected, on the other hand, that at 
least the lower, fossil-bearing part of the Tulare formation should be 
referred to the Pliocene. Students of the fossil vertebrates, a few of 
which have been found in or near the base of the Tulare, incline to the 
view here followed, namely, that the base of the Tulare lies approxi- 
mately at the Pliocene-Pleistocene contact. 

The structural evolution of the Coalinga district is related to 
that of the major province, the Northern basin, of which it forms a 
part. This province became differentiated about the end of the Cre- 
taceous into a positive area lying toward the west, and a negative 


“ W. F. Barbat and John Galloway, “San Joaquin Clay, California,” Bull. Amer, 
Assoc. Petrol. Geol., Vol. 18, No. 4 (April, 1934), Pp. 495- 
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area lying between this positive area and the western edge of Mo- 
havia. The positive area is the Diablo uplift of Figure 6; the negative 
area is the San Joaquin embayment. The Coalinga district of the 
present discussion contains parts of each. 

An attempt to discuss the structural evolution of the district meets 
at the outset the difficulty that the distribution and thickness of the 
different members of the Knoxville-Chico strata are very inaccurately 
known. The early workers were unable to study the series adequately 
because it showed little prospect of yielding commercial oil fields; 
later workers have faced the same handicap to an even greater degree. 

From the available data it seems safe to conclude that the most 
active areas of Cretaceous subsidence shifted from time to time and 
that the rate of subsidence, along with the rate of accumulation of 
sediments, differed much in different areas. Thus the Lower Cretace- 
ous underlies Priest Valley and Juniper Ridge, is absent from Joaquin 
Ridge, but has been recognized® in the Panoche Hills farther north. 
Similarly, the Upper Cretaceous beds are more than 20,000 feet thick 
west of Coalinga, thin to half of that amount or less on Joaquin Ridge, 
and thicken to 25,000 feet in Panoche Hills. These facts suggest 
strongly that Joaquin Ridge was represented during the Cretaceous 
by a belt of marked thinning transverse to the axis of the old Northern 
Geosyncline. A study of the best geologic data available indicates 
that during at least the Upper Cretaceous the area of the present 
ridge was continuously submerged, but the different sedimentary 
members are much thinner than their analogues farther north and 
south. The absence of the Lower Cretaceous may mean either non- 
deposition, or removal by erosion during a (hypothetical) post-Knox- 
ville erosion interval. In any event, Joaquin Ridge seems to have been 
represented by a Schwelle during the Upper Cretaceous. The positive 
character that it acquired not later than the end of the Lower Creta- 
ceous seems to have persisted during the Cenozoic, and, as already 
indicated, to have been especially pronounced at certain times, as 
during the middle of the Middle Miocene. 

Owing to lack of detailed study of the Cretaceous farther south, 
there is room for much diversity of opinion as to the Cretaceous 
structural conditions there, but there are several suggestions that 
some, at least, of the great Cretaceous anticlines were also represented 
by areas of thinning and perhaps of recurrent folding in pre-Cenozoic 
time. 

In any case, there is strong evidence that the Coalinga district 
was folded very early along east-west lines, and that these early folds 


4 J. A. Taff, oral communication. 
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were later interrupted and cross-folded along lines more nearly paral- 
lel to the long axis of the old geosynclinal basin. An analysis of the 
Coalinga-Kettleman Hills-Lost Hills line of folds, represented in Plate 
I as a continuous fold, will illustrate the complexity of structural his- 
tory in the district. 

At Oil City the Moreno shale member of the Cretaceous is present 
on the axis of the fold. It is overlain disconformably by ““Meganos”’ 
shale, probably lower Middle Eocene in age. Above the ““Meganos,” 
disconformably and with a slight discordance, comes the Domengine 
sandstone, upper Middle Eocene, which is overlain, also disconform- 
ably, by the Upper Eocene Kreyenhagen. The Tumey formation 
(Oligocene) is absent, though it occurs farther north in the Ciervo 
Hills, and at great depth to the south in the Kettleman Hills. Both 
Lower and Middle Miocene strata are probably present on the axis 
of the anticline near Oil City, but are overlapped by Upper Miocene 
and Lower Pliocene a short distance to the southwest. Both Upper 
Miocene and Lower Pliocene are at least disconformable, even where 
the section is least interrupted. 

In summary, the whole Tertiary section is discontinuous in this 
area. Strongly regressive members are absent, disconformities and 
small angular discordances occur in the formations of all epochs. 

In the Kettleman Hills, conditions are accurately known only to 
the Middle Eocene, probably Domengine. Every member of the later 
Tertiary that is known anywhere seems to be represented, and there 
is at present no proof satisfactory to everybody that any member is 
thinner along the axis of the anticline than it is in adjacent areas east 
and west. The Reef Ridge formation has been thought to be consider- 
ably thinner by some workers, but others attribute this appearance 
to an erroneous choosing of upper or lower contact. In any event, 
even if the fold was forecast by a mild thinning of certain post-Mio- 
cene members, the amount of this thinning was so slight as to be 
within the limits of the measurements available at present. We seem 
justified in asserting that if a geologist could have examined the 
Kettleman Hills area during the Lower Pleistocene, and could have 
secured an accurate three-dimensional picture, he would probably 
not have suspected that any Kettleman Hills anticline was about to 
be born. Instead he would probably have guessed that future dia- 
strophism would continue to develop the cross-folds that had been 
recurrently or perhaps continuously growing ever since some time in 
the Cretaceous. 

At the end of the Pliocene the sea-connection across Priest Valley 
was finally broken, and the fresh-water conditions of the northern 
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San Joaquin Valley spread south to the San Emigdio region. Subsi- 
dence continued, however, until a few thousand feet of nonmarine 
Lower Pleistocene strata had accumulated over the site of the earlier 
marine embayment. The mid-Pleistocene orogeny then began. It re- 
elevated earlier anticlines and probably broke some broad, simple 
folds into two or more small, sharply compressed folds. Many folds 
were badly faulted along one or both sides. If any old faults existed— 
a highly uncertain matter—they may have become rejuvenated. The 
Joaquin Ridge anticline, which had been in existence as far east at 
least as the Oil City region, grew southeastwards at an amazing rate. 
In the Lost Hills region, its new prolongation may have crossed an- 
other old line of cross-folding, the Devils Den line. If this analysis of 
the structural evolution of the region is correct, the Kettleman Hills 
fold is a youthful appendage to an ancient, perhaps a Mesozoic, fold. 

The Pyramid Hills anticline bears a similar relation to the Reef 
Ridge-Castle Mountain fold, which has along its axis the narrow ser- 
pentine “blue band.” The Pyramid Hills fold is narrow and steep- 
sided, and connects the broad Cretaceous fold to the northwest with 
the complex cross-fold of Devils Den. In this case, also, it is likely that 
the Cretaceous fold was formed early, since a discordance of 30 degrees 
or more is found between Upper Cretaceous and Middle or Lower 
Eocene along its northeast flank. 

The faults of the Coalinga district, though numerous and interest- 
ing, are commonly small. A great many exist in the axial part of the 
Kettleman Hills folds, and seem to be due“ to the stretching of the 
upper members in a thick series of beds that were arched to form a 
huge anticline. The faults bounding the serpentine mass on Joaquin 
Ridge are presumably related to the upward squeezing of the serpen- 
tine mass during several folding periods, beginning perhaps with that 
of the Middle Miocene. The Los Gatos Creek fault zone consists of 
numerous minor fractures in a massive sandstone series that has been 
bent into a sharp syncline since Upper Pliocene time. The Jacalitos 
fault is scarcely more than a zone of vertical beds along the flank of 
a strongly asymmetrical anticlinal fold. It occurs in an area of strong 
thinning of the Pliocene, as shown by wells drilled southwest and 
northeast of it. Further compression would probably change it into 
a low-angle thrust fault with a dip of the fault-plane toward the side 
with the thicker section (southwest). It may thus be thought of as 
an embryonic representative of such faults as the Santa Ynez and Big 
Pine faults. 


“ Mason L. Hill, “Origin of Faulting in the Kettleman Hills, California,’ Proc. 


Geol. Soc. America for 1934 (1935), P. 322. 
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AW Oil City 


Fic. 27.—Structure sections in Coalinga district. Jf, is Franciscan; Te, Eocene; 
To, Oligocene; Tu, undifferentiated Miocene; Tvg, Lower Miocene; Tmm, Middle Mio- 
cene; Tmu, Upper Miocene; Tp, Pliocene; Tu, Tulare (Lower Pleistocene). Lines of 
sections are shown in Figure 24. 
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The Waltham Canyon fault zone is developed along the steep 
flank of an asymmetrical anticline, and is complicated by the fact 
that its axis lies near the thin edge of a great wedge of beveled Cre- 
taceous strata lying chiefly to the northeast, and a Franciscan mass 
lying to the southwest (Plate I). 

The Castle Mountain fault zone is axial to a compressed anticlinal 
fold in the Cretaceous. Toward the southeast where this fault zone 
meets the southeast end of Reef Ridge, poor exposures make a deter- 
mination of the actual conditions difficult and leave the field to a 
series of competitive and for the most part highly imaginative theories 
in which old faults play a great role. All of the observed conditions 
are consistent with the hypothesis that the fault dies out before reach- 
ing this area, and that the pre-Upper Miocene diastrophism consisted 
entirely of folding. 

In the higher mountains there are many faults, most of them 
thrusts along the flanks of steep, asymmetrical anticlines. Along many 
of them masses of Franciscan serpentine have welled up, like the salt 
cores in certain anticlines in other regions. Several faults of this type 
are shown in Plate I, and more adequately in such maps and structure 
sections as those of Pack and English.** 

The age of most of the faults in this district is undoubtedly Pleisto- 
cene. Some of those found in the higher mountains are possibly, per- 
haps probably, older; perhaps as old as the Miocene, although no 
positive evidence of such great age has been secured for any of them. 
If the Big Blue was derived from a serpentine “upthrust” on Joaquin 
Ridge, it is necessary to assume that the margin of the serpentine 
mass was faulted as early as Middle Miocene time, but of course it is 
not probable that the faults developed then were those that now 
bound this serpentine mass. It is more probable that those faults are 
now among the undistinguished mass of faults that cut this serpentine 
body, and that the present marginal faults came into existence later, 
after a greater area of serpentine had been stripped of its Cretaceous 
cover by Pliocene erosion. 

In summary, the conclusion that much of the folding of the Coa- 
linga district is old is based on a vast amount of incontrovertible evi- 
dence, particularly that of the numerous overlaps and unconformities 
that have impressed all observers and are clearly shown on all geo- 
logical maps of the district.*® The faults of the district have also been 


“TR. D. Reed, “Geology of California: Some Corrections,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 19, No. 12 (December, 1935), pp. 1821-24, Figs. 1 and 2. 


__ “ R. W. Pack and W. A. English, “Geology and Oil Prospects in Waltham, Priest, 
Bitterwater, and Peachtree Valleys, California, with Notes on Coal,” U.S. Geol. Survey 
Bull, 581-D (1914). 


* See, ¢.g., Plate 89 in B. L. Clark, “Tectonics of the Mount Diablo and Coalinga 
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thought to be old, and to have formed the folds during the Pleistocene 
by a process called “drag.” The writers have seen nearly all the field 
data cited in favor of this concept, but do not believe that any of it 
is valid. They must therefore content themselves by stating the facts 
as they appear, and by referring those interested in the “drag” con- 
cept to the publications in which it is expounded.®® 


GEOLOGY OF OTHER PARTS OF THE NORTHERN 
GEOSYNCLINAL BASIN 


Several features in the part of the old Northern Geosynclinal basin 
south of the Coalinga district are interesting, but none of them except 
the Maricopa Basin needs special consideration here. The south end 
of the San Joaquin Valley lies at the apex of the basin and seems to 
encroach upon the granitic mass to the south in the boundary region 
between Mohavia and Salinia. Lower Cretaceous, Upper Cretaceous, 
and Paleocene deposits are now missing from the southern boundary 
of the basin and their former extent is a matter of speculation. The 
writers prefer to assume that Upper Cretaceous and Paleocene strata 
once covered the whole area and that the Lower Cretaceous never did 
so, but other opinions are not excluded by the facts now known. 
Whatever the facts may be about the distribution of these earlier 
formations, those of Eocene, Oligocene, Miocene, Pliocene, and 
Pleistocene age are certainly represented, most of them in thicknesses 
not much less than the maximum for the Coast Ranges. The Maricopa 
Basin must therefore be considered one of the largest and deepest in 
Southern California during post-Paleocene time. 

It is important to notice, first, that this basin lies exactly at the 
apex of the old Northern Geosynclinal basin and second, that the 
locus of greatest subsidence seems to have advanced southward be- 
tween Franciscan and Eocene time, but to have receded northward 
again after the Miocene. An inspection of the paleogeographic maps 
will illustrate these points, the second of which is not demonstrable 
because of the impossibility of determining accurately the boundaries 
of Franciscan and Cretaceous in this area. 

Areas, Middle Coast Ranges of California,” Bull. Geol. Soc. America, Vol. 46 (1935), 
p. 1025. 


5° For an early and simple statement, with illuminating diagrams that deserve 
close study, see B. L. Clark, ‘“Tectonics of the Valle Grande,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 13, No. 3 (March, 1929), pp. 199-238. For a more recent statement that 
omits many of the claims of the earlier paper and advances new ones, chiefly relating 
to minor details said to be visible along the supposed faults, see the same author’s 
“Tectonics of the Mount Diablo and Coalinga Areas, Middle Coast Ranges of Cali- 
fornia,” Bull. Geol. Soc. America, Vol. 46 (1935), pp. 1025-78. For some arguments in 
the negative, see R. D. Reed, Geology of California, Chap. 2, and “Geology of Cali- 
fornia: Some Corrections,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 12 (December, 
1935), PP. 1819-24. 
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CHAPTER IV 
MOHAVIA 


Whether or not the San Joaquin embayment encroaches upon 
Mohavia, there is no doubt that the eastern San Joaquin Valley is 
definitely a part of it. The Sierra Nevada is another, and so are the 
Basin and Range province north of the Garlock fault, the Mohave 
Desert proper, the San Gabriel and San Bernardino mountains, the 
Colorado Desert and the Peninsular Ranges. Even the foothills north 
and east of Los Angeles Basin belong definitely to this great province 
with its basement of granitic rocks. 

The structural relationship of the Sierra Nevada to the San 
Joaquin Valley is best seen in the foothills of the Mother Lode dis- 
trict, where the valley has been generally recognized to be the sub- 
merged margin of the Sierra Nevada peneplain. Deep wells, such as 
one recently drilled by the Pure Oil Company northwest of Fresno, 
have demonstrated that at least the eastern half of the valley in this 
latitude is properly so described. Farther south there is a series of 
faults along the boundary between mountain and valley. They are 
best known near Bakersfield, where their importance for oil accumu- 
lation hase made them the subject of intensive study. Many large 
faults, mostly of the reverse type, are also known in the foothills at the 
south end of the valley. The farther south we go along the east side 
of the valley, as a matter of fact, the larger and more numerous faults 
do we find. 

This well-known fact seems to be related to the opposing 
“plunges” of Sierra Nevada and San Joaquin Valley, considered as 
simple folds. The Sierra Nevada plunges northward, the batholith 
being more broadly exposed south of Mariposa and Yosemite Valley 
than farther north. The San Joaquin Valley, on the other hand, has 
a much thicker and more continuous series of sediments near the 
south end than in its northern half. It is perhaps justifiable to assume 
that the marginal faults of the Bakersfield region and farther south 
developed in response to the strain produced by the diverging tend- 
encies, upward and downward, of the areas east and west of this 
boundary zone. 

The part of Mohavia east and south of the Sierra Nevada is too 
large, too complex, and too little known to be discussed here in any 
detail. Since a previous brief statement of the views held by the 
writers on the Tertiary history of this region®' has failed to carry 


5. R. D. Reed, Geology of California, Fig. 38, pp. 186, 202, et cetera. 
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conviction to some readers, it may be worth while to summarize at 
some length the views recently expressed on this subject, as a result 
of extensive observations carried on over a period of years, by C. D. 
Hulin.” 

The Searles Lake district, studied by Hulin, has a thick Paleozoic 
sedimentary series with “all of the more common types of sediments 
—conglomerates, sandstones, shales, limestones, and cherts.”” The 
early Mesozoic is thought to be represented by a sequence of lavas. 
Near the end of the Jurassic occurred a great batholithic invasion, the 
same that is well known from its effects in the Sierra Nevada. 

The Sierra Nevada of that time can hardly be pictured as even similar in 
extent to the present Sierra, since the batholithic invasion involved not only 
much of the area of the present Sierra Nevada but an almost equally great 


area in the Tehachapi Mountains and in the desert ranges to the east and 
south of the present Sierra. 


At the time of the batholithic invasion the Searles Lake region 
may have been mountainous, though the Paleozoic strata are still 
either flat-lying or slightly folded. Only near the contacts with 
granitic rocks are they intensely metamorphosed. The granitic rocks 
themselves are cut by innumerable aplite dikes and by fewer dikes of 
pegmatite and lamprophyre. Locally these dikes are themselves cut 
by numerous dikes of a different texture, which seem “distinctly later 
than the late Jurassic granitic rocks.’’ They are certainly pre-Middle 
Miocene, and are tentatively referred to early Eocene. 

Subsequent to the batholithic invasion at the close of the Jurassic... 
the Searles Lake quadrangle and adjacent areas were subjected to more or 
less continuous erosion until about the middle of the Miocene. Whatever the 
relief may have been at the beginning of the Cretaceous, by early Miocene 
time this relief had been worn down until the surface at least approximated a 
peneplain. The thickness of material removed by erosion during this lengthy 
interval can only be conjectured. To judge from the extent of the quartz 
monzonite now exposed, from ten to twenty thousand feet of rock may well 
have been eroded away. All of the products of erosion were removed from the 
region so that a well-developed external drainage system must necessarily 
have been in existence... 


In about Middle Miocene time the northern Mohave Desert region 
was affected by warping and faulting, with the resultant formation of 
elevated mountain blocks and depressed basins and a complete de- 
struction of the pre-existent drainage system. The conditions brought 
about by this event led to the accumulation of the Rosamond series 
in the depressed basins. It is composed of coarse to fine, angular ma- 


8 Carlton D. Hulin, “Geologic Features of the Dry Placers of the Northern Mo- 
have Desert,” California Jour. Mines and Geol. (1934), pp. 417-24. 
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terial derived from uplifted areas near at hand. Many of the clays are 
colored green, red, brown, or yellow, and some of them include saline 
material. 

The sedimentation of the lower Rosamond was interrupted by a wide- 
spread volcanic outburst which apparently affected the whole desert province, 
and which can unquestionably be correlated with volcanic outbursts of other 
parts of the Great Basin. The opening phase of the volcanic activity was of 
the explosive type, and apparently the whole region was blanketed with a 
thick mantle of tuff .. . Locally the formation of this tuff horizon was ac- 
companied and followed by the accumulation of agglomerates, the pouring 
out of lava flows, and the injection of dikes and plugs. The volcanic activity 
appears to have been of the fissure type . . . The nature of the volcanic ac- 
tivity appears to have varied from time to time and from place to place, 
rhyolites, dacites and rather acidic light-colored andesites and their pyro- 
clastic equivalents all being represented. 


The later Rosamond beds have much volcanic detritus, but be- 
come more and more arkosic toward the close of the period of sedi- 
mentation. 

The age of the upper part of the Rosamond, as determined from 
mammalian fossils found at Barstow and elsewhere is Middle or 
Upper Miocene. The age of the lower Rosamond is unknown, but is 
believed by Hulin to be no older than early Middle Miocene. 

Flows of basic, dark-colored andesites occur throughout. the 
northern Mohave Desert, and rest either upon the Rosamond or upon 
any of the pre-Tertiary basement rocks. Pebbles and boulders of 
these andesites occur in the basal part of the Ricardo series, which is 
considered by Hulin and by many vertebrate paleontologists to be 
Lower Pliocene in age, but is here referred to the Upper Miocene. In 
any case, as Hulin states, the andesites are clearly referable to the 
Upper Miocene. 

The detritus of the Ricardo beds is believed by Hulin to have 
been brought to the region by a large river system, draining froma 
more northerly region, and bringing in rounded boulders of resistant 
rocks, many of them foreign to the Searles Lake region. This drainage 
system was destroyed by renewed faulting and volcanic activity. 

In several portions of the region important accumulations of tuffs, with 
some interbedded arkosic sediments, agglomerates, and flows of andesite, 


showing a finely developed flow structure, overlie the basal conglomerates. 
These grade upward into more basic tuffs and flows of olivine basalts. 


Locally, as at Red Rock Canyon, the olivine basalts are overlain 
by great thicknesses of poorly sorted arkosic sands and angular 
gravels, which are of local origin. 

In post-Ricardo time the history of the region has been largely 
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one of erosion, but the faulting of Pleistocene and perhaps late Plio- 
cene time has developed the present fault-block mountains and de- 
pressed basins. The post-Ricardo gravels sometimes resemble those 
of the basal Ricardo, but may be distinguished by their content of 
olivine basalt pebbles. 

Part of the interest and importance of Hulin’s work lies in the 
correlation it suggests between the events of this region and those of 
the Sierra Nevada, with its late Jurassic batholithic invasion, Cre- 
taceous and Eocene erosion, and Miocene “rhyolitic” and “‘andesitic” 
series. That a similar correlation is possible between the northern 
Mohave district and some other parts of Mohavia may be learned 
from another recent publication, which deals with the western end 
of the Mohave Desert and adjacent areas north and south. This 
region seems to lack post-Rosamond Tertiary rocks, and contains 
littoral Paleocene beds, but is similar in most other respects to the 
area studied by Hulin. Much the same may be said for the San Gabriel 
and San Bernardino mountains and for the other known parts of the 
desert of southeastern California. All are so similar in lithologic fea- 
tures, structure, and implied history as to leave little doubt that their 
differentiation into geologic subprovinces is an event of middle to iate 
Cenozoic. The name ‘“Mohavia” was invented to stress this im- 
portant fact. 

The Elizabeth Lake Quadrangle and the Tejon Quadrangle which 
adjoins it to the west serve as a connecting link between Mohavia and 
its Coast Range dependency, Salinia. The northern part of the Tejon 
Quadrangle—that is, the foothills at the south end of the San Joaquin 
Valley—are well known as a result of several investigations made by 
members of the United States Geological Survey. The central part 
of the quadrangle has been studied by J. P. Buwalda, whose results 
are incompletely published. The southern part, lying north of the 
Saugus-Newhall district, has been mapped and studied by Thomas 
Clements, whose map and notes have been available to the writers.™ 
Perhaps the most interesting feature brought out by Clements is the 
occurrence of several great faults, on one of which there is consider- 
able evidence of recurrent movement during the Tertiary and later. 

53 E. C. Simpson, “Geology and Mineral Deposits of the Elizabeth Lake Quad- 
rangle,” California Jour. Mines and Geol. (1934), pp. 371-416. 


5 Cf. H. W. Hoots, ‘Geology and Oil Resources along the Southern Border of San 
Joaquin Valley, California,’ U. S. Geol. Survey Bull. 812-D (1930). 


55 Dr. Clements plans to publish a map and discussion of this area at an early date. 
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CHAPTER V 


THE CALIENTE MOUNTAIN DISTRICT 
AND SALINIA 


In structure and stratigraphy Salinia differs markedly from all 
adjacent provinces except Mohavia, from which it differs chiefly in 
the greater degree to which it was flooded by the sea during several 
post-Jurassic transgressions. The boundary between Mohavia and 
Salinia is not very definite, but may be arbitrarily considered to run 
across the Tejon Quadrangle from Grapevine Canyon to Saugus or 
Piru; that is, from the southeast boundary of the Maricopa Basin to 
the east end of the Ventura Basin. Topographically, Salinia resembles 
Mohavia in being divided into so many provinces—Carrizo Plain, 
Cuyama Valley, La Panza Mountains, Paso Robles Basin, Gabilan 
Mesa and others—that its essential unity has not always been appre- 
ciated. Structurally it resembles Mohavia in being divided into sev- 
eral blocks, with bounding faults nearly parallel, as they are in some 
parts of Mohavia. All the other resemblances, stratigraphic, struc- 
tural, and topographic, are presumably related to the fundamental 
similarity in basement rocks; that is, to the presence of a granitic 
basement and to the absence of the Franciscan series. 

The part played by Salinia in the structural evolution of California 
will appear from a brief account of the historical geology of Caliente 
Mountain and the adjacent lowlands to the north and south. These 
lowlands are Carrizo Plain, an enclosed basin 2,000 feet above sea- 
level, and Cuyama Valley, nearly enclosed and with about the same 
elevation, but drained across the San Rafael Mountains by the 
Cuyama River. The Caliente Mountains constitute an elongated 
ridge trending northwest-southeast between these lowlands. Its high- 
est peak, Caliente Mountain, is 5,095 feet high, its average axial 
elevation perhaps 3,000~-3,500 feet (Fig. 28). 

These three topographic units constitute a cross-section of Salinia, 
from its northeastern boundary, the San Andreas fault, to its south- 
western margin at the Cuyama fault, which is the southern continua- 
tion of the Nacimiento fault zone. 


CALIENTE MOUNTAIN REGION 


The Caliente Mountain region has the excellent outcrops charac- 
teristic of a mountainous area in a semi-arid climate and has long 
been known to contain one of the thickest and most varied Miocene 
sections in California and to possess many other features of great 
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SMiles 
MARICOPA 


Fic. 28.—Map of Caliente Mountain and adjacent territory. Symbols as in Figure 
24. The part of the area northeast of the San Andreas fault is the Maricopa Basin. 
A and B are small outcrops of granitic basement. 
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geological interest. In spite of this fact and in spite of the fact that 
a good topographic map has long been available, the area has been 
much less studied than many other parts of Southern California. 
Published references to the geology are in fact few and most of them 
treat only of minor details. Arnold and Johnson made a brief recon- 
naissance® of Carrizo Plain and showed a few of the more important 
structural features along part of its west margin on their geological 
map. W. A. English made a reconnaissance®™’ of the Cuyama Valley 
region, but considered the oil possibilities too remote to justify de- 
tailed mapping or extensive discussion. His colored geological map 
includes Caliente Peak and part of the southwest flank of the moun- 
tain, as well as Cuyama Valley. Like all other workers in the area, 
English was much impressed by the varied lithology of the Miocene 
strata. He made an effort to classify the different facies into the 
Miocene formations that were recognized at the time of his study, 
but the difficulties were too great to permit of complete success. In 
the western part of Cuyama Valley, for example, his “Santa Mar- 
garita formation” locally includes strata referred by later workers to 
Oligocene (?) red beds, Lower Miocene Vaqueros, Middle Miocene, 
Santa Margarita, and a later formation probably equivalent in age 
to the Pliocene or Pleistocene Paso Robles formation. So thin are the 
different Tertiary formations in this area (Fig. 29), however, that all 
of them taken together do not exceed the thickness of the Santa 
Margarita in some adjoining parts of the region. 

In their endeavor to disentangle the confused stratigraphy and 
structure of this area, the present writers have been under obligations 
not only to the geologists already mentioned but also to many more 
recent workers,®* most of whose results are unpublished. 

Most of the data important in the present connection are shown 
in some of the accompanying maps and diagrams. The text will be 
limited to some notes on certain points in which this area resembles 
or differs from the Coalinga district. 


PRE-MESOZOIC FORMATIONS 


“Granite.”,—Outcrops of basement rock in the area of Figure 28 
are two: one near the west margin, on Chimeneas Ranch; the other 


% Ralph Arnold and H. R. Johnson, “Preliminary Report on the McKittrick- 
Sunset Oil Region, Kern and San Luis Obispo Counties, California,” U. S. Geol. 
Survey Bull. 406 (1910). 


57 W. A. English, “Geology and Oil Prospects of Cuyama Valley, California,” 
U.S. Geol. Survey Bull. 621-M (1916), pp. 191-215. 


5§ Particular acknowledgments are due to J. E. Eaton, C. L. Gazin, U. S. Grant 
IV, A. I. Gregersen, D. D. Hughes, W. D. Kleinpell, Howard Pyle, and Max Steineke. 
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in the Temblor Mountains northeast of Panorama Hills. The latter 
is interesting because it lies northeast of the San Andreas fault, and 
is farther northwest than any other granitic outcrop near that fault 
and on its northeast side. A short distance north of the mapped area, 
as a matter of fact, Franciscan rocks occur near the fault on the north- 
east side and granite not far away on the west side. The Chimeneas 
Ranch outcrop is an outlier of the extensive mass of granitic rocks of 
the La Panza Mountains, several miles west of the northwest corner 
of the area mapped. These outcrops of granitic basement include not 
only granitoid igneous rock but also associated quartzite, schist, and 
coarsely crystalline limestone. The age of the granite is supposed to 
be either late Paleozoic or Jurassic, but different parts of it may 
perhaps date from both periods——perhaps from both the Appalachian 
and Nevadian revolutions. 


MESOZOIC FORMATIONS 


Cretaceous.—The beds mapped as Cretaceous have yielded no 
fossils and may thus include members of any age from Upper Jurassic 
to Eocene. From lithologic and other considerations the writers sus- 
pect that most of the beds so classified are actually Upper Cretaceous, 
but that some of them may be Paleocene. They include beds of con- 
glomerate, sandstone, and sandy shale. Pebbles of the conglomerates 
are in general moderately well rounded and consist of porphyry, 
basalt, granite, and other non-Franciscan rock-types. The sandstone 
is medium-grained and arkosic, the shale sandy or silty. Structurally 
the Cretaceous is fairly strong and rigid and seems to have taken part 
in diastrophic movements much as if it formed part of the basement; 
that is, it is either faulted or warped into broad folds. 


CENOZOIC FORMATIONS 


Eocene.—Many thousands of feet of Eocene strata are found in 
the mountains south and east of Cuyama Valley but none is exposed, 
so far as known, within the part of the area of Figure 28 southwest 
of the San Andreas fault. A small patch of dark shale found at the 
core of Caliente Mountain anticline might possibly be Eocene, but is 
for the present referred to Oligocene. Since a few thin erosional rem- 
nants of Middle or Upper Eocene are known from other parts of the 
Salinian “axis” there is a distinct possibility that if the oldest exposed 
Caliente Mountain beds are Oligocene, they may overlie Eocene beds 
which fail to crop out anywhere in the area. Only deep drilling could 
decide this point, which is important for its bearing on the origin of 
the Caliente trough, discussed on a later page of this chapter. 
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Oligocene.—The strata classed as Oligocene belong to two facies. 
One is the red-beds facies, commonly classed as the Sespe formation. 
Here belong English’s “Redrock Canyon member” of his Santa Mar- 
garita, and his “Pato red member” of the Vaqueros. In the Cuyama 
River gorge immediately west of Cuyama Valley, the Sespe is largely 
conglomeratic and reaches a thickness of perhaps 2,000 feet, but in 
Cuyama Valley itself the thickness is commonly much less. Red Sespe 
beds are also found along the northward continuation of Caliente 
Mountain ridge, west of Soda Lake. They are here associated with 
a thick series of sparingly fossiliferous sandy shale, which, like the 
similar sandy shale found in the core of Caliente Mountain anticline, 
is referred to the Oligocene without adequate paleontologic proof. It 
may be as young as Lower Miocene or as old as Eocene. 

Miocene.—Toward ‘the southeast the Caliente Mountain ridge 
grades into a badland district several miles wide and perhaps 30 
miles long. The district is shown, in part, on English’s map, and has 
been studied more intensively by Gazin.5® The badland rocks consist 
of two thick series of coarse material separated by a brown shale 
member a few hundred feet thick. The shale member can be traced 
all through the badland district, and is probably correlative with a 
persistent shale bed on the northeast flank of Caliente Mountain 
ridge. In sandstone not far below the shale Gazin found most of his 
mammalian fossils, correlated with the Barstow fauna of the Mohave 
district. Beneath the supposed correlative of this shale near Caliente 
Mountain, scraps of bone have been found but nothing identifiable 
as yet. Since bone horizons as well as shale members are exceedingly 
scarce in these beds, the sequence suggests that Gazin’s fauna belongs 
beneath the persistent shale member of Caliente Mountain. This 
correlation puts it at the top of the series of conglomerates and inter- 
bedded flows that rests upon marine beds containing lower Middle 
Miocene fossils. 

The persistent shale of Caliente Mountain has been correlated 
by Eaton® with the Whiterock marine member of the Miocene south- 
west of Caliente Mountain. The evidence for the correlation is not 
decisive but the correlation is not improbable. If it is correct, Gazin’s 
mammalian fossils, and the Barstow fossils as well, belong in the 
Middle Miocene of the California marine section, as it is now divided. 
This correlation is not in harmony with ideas expressed in the older 

59 C. L. Gazin, ‘‘Tertiary Mammaliar Fauna from Upper Cuyama Drainage 
Basin,” Carnegie Inst. Washington Pub. 404 (1930), p. 55-76. 

6° Personal communication. 
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literature, but should be compared with the conclusions of more 
recent papers, such as that of Bode.* 

The Caliente Mountain section is marine in the Lower Miocene 
and lower Middle Miocene parts, littoral above lower Middle Mio- 
cene, and nonmarine throughout the several thousand feet of beds 
belonging to upper Middle and Upper Miocene. Toward the south- 
east, Lower and lower Middle Miocene grade into littoral and then 
nonmarine facies. Toward the northwest, on the other hand, all 
members become marine, and most of the Lower and Middle Miocene 
becomes foraminiferal, commonly siliceous, shale. The great difference 
in facies of these beds permits the determination of the interrelations 
of mammalian, mollusk, and foraminiferal zones, a task that is not 
easy in many districts. Further paleontological study of the Caliente 
Mountain area in the interest of these problems is greatly needed. 

Pliocene.—Marine Pliocene strata, though present in the Paso 
Robles Basin to the northwest, are not found in the Caliente Moun- 
tain region. The nonmarine Morales formation, referred by W. A. 
English to the Upper Miocene, consists of coarse sands and barren 
sandy clays containing many fragments of Miocene siliceous shale. 
Though it lies discordantly on older strata including the Santa Mar- 
garita, this formation is itself notably folded and faulted. In all re- 
spects it seems to be analogous to the Paso Robles formation, Upper 
Pliocene (?) and Lower Pleistocene, of the Paso Robles Basin, and 
may be of the same age. 

English’s Cuyama formation, though slightly deformed, seems 
likely to be Upper rather than Lower Pleistocene. Some other sands 
and gravels found on uplifted terraces may also be Upper Pleistocene. 

The Morales formation is found in Cuyama Valley, in the lower 
parts of the Caliente Mountains, and probably exists under cover in 
Carrizo Plain. The Cuyama and other similar formations occur in 
the Cuyama Valley. 


SUMMARY 


In summary, the Caliente Mountain region is characterized by a 
granitic basement which is overlain, at least in the Cuyama Valley 
part, by a massive conglomeratic formation of Cretaceous or Paleo- 
cene age. The Tertiary strata are chiefly Miocene in age. All stages 
of the Miocene are represented and each stage is present in marine, 
littoral, and nonmarine facies. Thicknesses range from a few hundred 


61 F. D. Bode, “The Fauna of the Merychippus Zone, North Coalinga District, 
California,” Carnegie Inst. Washington Pub. 453 (1935), p. 85. 
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to several thousand feet, and the changes in thickness from place to 
place are strikingly abrupt. The Pliocene is nonmarine. 

The problems of structural evolution may be introduced by an 
examination of the structure sections of Plate I and Figure 30. Since 
little deep drilling has been done in this district, these sections show 
subsurface conditions only as they may be deduced from a study of 
surface data. The most obvious conclusion to be drawn from the 
sections is that the Caliente Mountain belt differs from the Carrizu 
Plain and Cuyama Valley belts in possessing larger and stronger 
folds, some of which are thrust-faulted. There is thus an apparent 
relation between thickness of sedimentary cover and nature of fold- 
ing, the belt of strong deformation being that of thick strata. 

Another interesting feature revealed by the sections is the exist- 
ence of overturning and overthrusting along each margin of the belt 
of thick strata. In each case, moreover, the overturning and over- 
thrusting is toward the nearest belt of thin strata. Thus, the Morales 
syncline is overturned toward Cuyama Valley, and the Whiterock 
fault is thrust in the same direction. The smaller Goat Springs fault 
on the north flank of the Caliente Mountain is thrust toward Carrizo 
Plain and the syncline to the northeast is overturned in the same 
direction. Another way of expressing the relation is to say that the 
folds and thrust faults indicate a surface movement toward the ad- 
jacent stable areas. This principle is exemplified in many places, in 
the Caliente Mountain region and elsewhere, but exceptions are also 
found. In this region, for example, one small but prominent anticline 
is steepest on the flank adjacent to the Caliente Mountain belt of 
thick sedimentary rocks. 

The existence of a long, narrow belt, such as Caliente Mountain, 
between belts of similar width and length but with much thinner 
blankets of sedimentary rocks, suggests interesting speculations as 
to the cause. Allowing for crustal shortening during the Pleistocene 
deformation, the Caliente Mountain province may have been ten 
miles wide in Miocene time. Its exact length is unknown, but is 
several times as great as its width. During the Miocene this narrow 
strip sank approximately 2} miles, while the adjacent belts north and 
south sank, on the average, perhaps } as much. Did the greater sub- 
sidence of the central trough occur with marginal faulting or with 
warping? 

If the intermediate belt had sunk while the adjacent belts were 
rising a study of Miocene detritus might be helpful, but as a matter 
of fact, in the region near Caliente Mountain at least, all three belts 
sank. In Cuyama Valley, for example, Lower, Middle, and Upper 
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Miocene are all locally represented, and in some places all occur 
together, but with a total thickness only } or locally as little as 
yo that of the thickness in Caliente Mountain. 

Unless detailed investigations bring new light in the future, it 
seems that the question of warping versus faulting must be answered 
either by the unsatisfactory method of mechanical speculation, or 
by analogy with other regions where the evidence is clearer. 

The Coast Ranges furnish adequate proof that sedimentary masses 
a overlying granite may be warped, and strong suggestions that the 

' _ granite warps similarly. It is thus not obviously impossible that the 
” Caliente Mountain trough developed by warping. In Mohavia, on 
4 the other hand, many Miocene basins have been described as due to 
subsidence along faults. Even in the intermediate area between 
Mohavia and Salinia, Clements finds evidence of recurrent Tertiary 
- faulting. It is thus not improbable that the Caliente Mountain trough 
. developed as a graben. The writers incline to this view but are con- 
strained to admit that the evidence available to them does not 


= 


prove it. 

% Another problem of great difficulty relates to the origin of the 

. San Andreas fault, which serves in the area north of the central 
a Temblor Range as the boundary between Salinia and the Northern 
x Geosynclinal basin. This problem cannot be discussed adequately at 
a present, but neither can it be passed over without mention. 


If the views previously expressed as to Lower Mesozoic paleo- 
geography are correct, it follows that the northern part of the course 
of the San Andreas fault was marked out, though not necessarily 


followed by a fracture, before the late Jurassic. It was then a bound- 
_ ary between a negative and a positive area. The Nevadian orogeny 
i may have affected this boundary but there is no present way to tell 
a just what the effect may have been. During the Cretaceous the 


; boundary as well as the provinces it separates may have been mantled 

oo with sediments, or perhaps Salinia remained partly above sea-level. 
On the latter supposition, the San Andreas line, faulted or not, may 
have been a shoreline. 

With the oncoming of the folding at the end of the Cretaceous 
there was developed a series of plunging en échelon anticlines in the 
western part of the Northern Geosyncline. The Joaquin Ridge area, 
already described, became the site of one of these folds. They seem 
to have originated near the boundary (the line of the San Andreas) 


8 See, for example, M. L. Hill, “Structure of the San Gabriel Mountains North of 
Los Angeles, California,” Univ. California Pub. Geol., Vol. 19 (1930), p. 158. 
Even more striking examples than those described by Hill are known from the 
central Salinas Valley, but none has yet been described in print. 
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and to have plunged eastward across the geosynclinal basin. The 
existence of this en échelon series in early Tertiary time, or even before 
the Tertiary, might be held to prove that shearing stresses became 
active very early along the boundary between Salinia and the geo- 
syncline. Whether or not this inference is reasonable, the fact re- 
mains that the sinking of the area to the east and the rise of Salinia 
during the whole of the Tertiary, may have brought into existence 
stresses that had some effect on the localization of the San Andreas 
fault. 

That they were not the sole cause of the fracturing is, of course, 
very probable, since the fault continues southeastward with all its 
important characteristics unchanged for more than 200 miles beyond 
the point where these conditions existed. 

As compared with the Coalinga district, the Caliente Mountain 
area shows many differences in structure and in structural history, 
some of which are summarized in the diagrams, Figures 49-51. The 
more positive areas, such as Cuyama Valley, differ greatly both in 
geologic history and in present topography and structure from such 
a positive area as the Diablo uplift; and equally great differences exist 
between the Caliente trough and the San Joaquin embayment; for 
example, the Diablo uplift is topographically high and Cuyama — 
low, though both were positive during the Tertiary. 
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CHAPTER VI 
THE SAN RAFAEL AND SANTA YNEZ MOUNTAINS 


CENTRAL GEOSYNCLINAL BASIN 


At the beginning of the Tertiary period folding movements 
brought the San Rafael uplift into existence in the area of the old 
Central geosynclinal basin, but left a basin along the south margin 
and particularly near the landward apex. The basin as a whole will be 
referred to as the Santa Barbara embayment, the apical part as the 
Ventura Basin. These subprovinces, San Rafael uplift and Santa 
Barbara embayment (including Ventura Basin), persisted, though not 
without important changes, throughout the Cenozoic era. The San 
Rafael uplift was flooded, at least in large part, during each of the 
major Tertiary transgressions but underwent elevation and erosion 
during the regressive periods. The Santa Barbara embayment seems 
to have subsided continuously but not at a uniform rate. The blanket 
of sediments deposited in its western part is now well exposed in the 
Santa Ynez Mountains, which lie along its north margin. Ventura 
Basin gradually became restricted in area, especially after the Oligo- 
cene. So many parts of it were strongly uplifted during Pleistocene 
and earlier disturbances that the thick formations deposited during 
the different Tertiary epochs can now be readily examined. The most 
persistently negative area lies east of the plunging southeast end of 
the axis of the San Rafael uplift. Part of this negative area seems to 
lie east of the limits of the Lower Mesozoic geosyncline. In other 
words, the embayment seems to have developed not only in the 
margin of the geosyncline, but also on the neighboring granitic 
province. 

The more important aspects of the post-Franciscan history of the 
old basin may be illustrated by a description of two areas: the Santa 
Ynez-Santa Barbara area, which includes part of the San Rafael up- 
lift and of its southern border; and the Ventura Basin. 


SANTA YNEZ-SANTA BARBARA AREA (FIG. 31) 


From south to north, the area consists of, first, the modern Santa 
Barbara Channel, lying within the Tertiary Santa Barbara embay- 
ment; second, the Santa Ynez Mountains, consisting of a single high 
ridge east of Gaviota Creek, and of several low ridges farther west; 
third, the eastern part of the triangular Santa Maria lowland, which 
is crossed from east to west by low anticlinal ridges that become 
crowded together east of the village of Santa Ynez; fourth, the high, 
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Piate VI-A.—Looking west along Big Pine Mountain ridge. Cretaceous strata : 
dipping northerly toward the Sisquoc River. a 


Pirate VI-B.—Looking east at Big Pine Mountain, the highest peak of 
the San Rafael Mountains. 
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rugged San Rafael Mountains; and fifth, a small corner of the foot- 
hills along the south side of Cuyama Valley. The west-flowing Santa 
Ynez River separates the Santa Ynez Mountains from the triangular 
central lowland, the so-called Santa Maria district. The course of 
this river also coincides with the approximate boundary between the 
uplift to the north, and the embayment to the south. The only other 
stream of considerable size, the Sisquoc River, flows in a narrow 
valley through the northern part of the San Rafael Mountains. The 
ridge to the north of the river, distinguished by the presence of several 
“potreros” (mountain meadows), is sometimes called the Sierra 
Madre. 

This region has been investigated by many geologists, especially 
during the last ten years. Of the published articles dealing with its 
geology, mention should be made of those written by Fairbanks, 
Arnold, Arnold and Anderson, and especially of one by Nelson.™ 


STRATIGRAPHY 


The varying stratigraphy of the several parts of the area is indi- 
cated in the series of columnar sections (Fig. 32). In most respects, 
the formations of this area greatly resemble those of the Coalinga 
district. 

Basement rock.—The basement rock is Franciscan, of the same 
sedimentary, igneous, and metamorphic types as are found in the 
Franciscan complex of the Coalinga district. Its largest exposures lie 
along the south margin of the San Rafael Mountains north of Santa 
Ynez River. Smaller exposures are found in several other localities, 
some of those best known being west of the area shown in Figure 32. 
Except for the small corner of Cuyama Valley there is no part of this 
whole district in which a granitic basement is supposed to be present. 

Lower Cretaceous.—Lower Cretaceous has much the same dis- 
tribution as the Franciscan. As in the Coalinga district, it consists of 
dark shale and sandstone, with thicknesses up to several thousand 
feet. Near Little Pine Mountain it seems to lie with an undisturbed 
depositional contact upon the Franciscan. The basal member here 
strongly resembles the basal member of the Knoxville where it lies 
upon the Franciscan northeast of Priest Valley in the Coalinga dis- 


*® H. W. Fairbanks, ‘Geology of Northern Ventura, Santa Barbara, San Luis 
cay gees and San Benito Counties,’ Twelth Report of State Mineralogist 
1894) pe. 493-52 

rnold, “Goslogy and Oil Resources of the Summerland District,’ U. S. Geol. 

pe... Bull (1907). 

R. Arnold and R. Anderson, ‘“‘Geology and Oil Resources of the Santa Maria Oil 
District,’’ ibid., Bull. 322 (1907). 

R. N. Nelson, “Geology of the Hydrographic Basin of the Upper Santa Ynez 
River,” Univ. California Pub. Geol., Vol. 15 (1925), pp. 327-96. 


a 
t 
| 
F 
4 
4 


1635 


SAN RAFAEL AND SANTA YNEZ MOUNTAINS 


uosjan) 


auld Dig Jo 


SIXy ues 


000% 
/ 
/ 
0001 / 
/ 
} 
i 
Ty 
: 
(auisew -uou) 
; / 
adsag 
/ 
/ 
/ 
sosandep 
ajeys 

sovebay 
. / 


(tH 
euequeg ejues 


a 
2 
Vv 
/ 
“ 
a 
2 
3 
= =" 
a 
Bi 
| 


1636 STRUCTURAL EVOLUTION OF CALIFORNIA 


trict. It is a dark, argillaceous shale with innumerable small calcareous 
concretions. The occasional conglomerate beds that have been ob- 
served in the Knoxville contain pebbies of non-Franciscan material. 

Upper Cretaceous.—Though absent from most of the triangular 
Santa Maria lowland, the Upper Cretaceous is well developed in the 
San Rafael Mountains and also—though not so prominently ex- 
posed—along the north flank of the Santa Ynez Mountains. This 
distribution is important in connection with the concept of a Tertiary 
San Rafael uplift, and particularly with reference to the date of its 
initiation. 

Like the Knoxville, the Upper Cretaceous of this region seems to 
lack notable amounts of Franciscan detritus. 

Martinez strata are not known in the area, but seem not unlikely 
to be found associated with the frequently unfossiliferous Eocene and 
Upper Cretaceous strata of the north flank of the Santa Ynez Range. 

Eocene.—The Eocene has a distribution comparable to that of the 
Upper Cretaceous, being absent from much of the triangular Santa 
Maria lowland. Its greatest thickness and most prominent exposures 
are found in the Santa Ynez Mountains, though it is also well de- 
veloped in the eastern part of the San Rafael Mountains, especially 
beyond the limits of Figure 31. In many places it lies unconformably 
upon Upper or Lower Cretaceous, or even upon the Franciscan. In 
one exposure south of Buellton, it lies with an angular discordance 
of approximately 30 degrees upon rocks of Cretaceous age. The basal 
member of the Eocene is in many places a limestone, or a highly cal- 
careous conglomeratic sandstone, the Sierra Blanca limestone,™ asso- 
ciated with a reddish foraminiferal shale. The younger members of the 
series are thick shales and sandstones, of which there are about four 
in the Santa Ynez Mountains and fewer farther north where the 
thickness is in general much less. The presence of a conspicuous 
amount of Franciscan detritus, particularly in the Upper Eocene, 
suggests that the San Rafael uplift may have been re-elevated at 
some time during the Eocene. The Upper Eocene lacks siliceous shale 
of the Kreyenhagen type. In other respects, the Eocene of this region 
is very similar to that of the Coalinga district. The presence of a basal 
limestone or calcareous member, with similar fossils, in parts of both 
regions, is particularly striking. 

Oligocene.—In the longitude of Santa Barbara, red beds of typical 
Sespe type are conspicuous both north and south of the Santa Ynez 


* A good account of this member, with references to earlier publications, may be 
found in M. F. Keenan, “The Eocene Sierra Blanca Limestone at the Type Locality 
in Santa “ipa County, California,” Trans. San Diego Soc. Nat. Hist., Vol. 7 (1932), 
PP. 53-84. 
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Piate VII-A.—Looking north from Big Pine Mountain across head of Sisquoc River 
at part of Madulce Ridge. Cretaceous sandstone and conglomerate. 


PtateEVII-B.—Looking south from Big Pine Mountain across the rough mountainous 
region of the San Rafael and Santa Ynez mountains. Santa Cruz Island is faintly visible 
in the background 50 miles away. Sierra Blanca ridge is the light-colored ridge in the 
middle distance. 
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Mountains. Farther north they are absent, and farther west they 
give way to marine beds which have recently been described as the 
“Refugian stage.” They have some similarity to the beds called 
Oligocene at the south end of the San Joaquin Valley, but lack the 
siliceous organic shale that forms a conspicuous part of the “‘Refugian 
stage”’ near Coalinga. Faunal resemblances are close between the 
Oligocene rocks of the two areas. 

Miocene (Fig. 32).—The Miocene strata of this region belong to 
the Lower, Middle, and Upper divisions. The Lower division includes 
the Vaqueros sandstone member and the Rincon (“‘Temblor”’) clay 
shale, which in some areas carries sandstone beds with “Vaqueros” 
fossils. The Lower Miocene is transgressed by the Middle Miocene, 
the basal member being in many localities a limestone comparable in 
all respects except fauna to the Eocene Sierra Blanca limestone. At 
Little Pine Mountain this member is a calcareous sandstone, resting 
with slight angular discordance upon Knoxville strata. Both Middle 
and Upper Miocene contain a predominance of siliceous organic shale, 
including diatomite, chert, and all the other varieties, along with 
some beds of sandstone. Locally, as near Santa Barbara (Hope 
Ranch) and at Gaviota Creek, the Upper Miocene includes a thick 
member of coarse breccia, with fragments of Upper and Middle Mio- 
cene chert, limestone, and diatomite. As suggested by Figure 31, this 
breccia occurs near the plunging south ends of prominent cross-folds 
of the Santa Ynez Mountains. It immediately overlies foraminiferal 
beds containing a Bolivina hughesi fauna, and underlies silts with a 
poor fauna considered to be Upper Miocene rather than Pliocene. Its 
age is thus middle Upper Miocene, and its origin is presumably due 
to uplift along the cross-folds at this time. Since the east-west struc- 
ture of the Santa Ynez Mountains cannot be proved to have come 
into existence until later, it is probable that the site of the future 
mountains was at that time a south-dipping homocline, fluted by a 
few low folds with a strike at variance to that which prevailed later. 
The most important member of this series of cross-folds was the one 
forming the axis of the San Rafael uplift and extending to Ventura 
where, as Figure 36 suggests, it is also bordered by an Upper Miocene 
breccia, presumed but not known to be of exactly the same age as 
those at Hope Ranch and Gaviota Creek. 

Volcanic rocks form an important constituent of the Middle and 
Upper Miocene along the axis of the San Rafael uplift but are not 
conspicuous elsewhere. There are a few basic lava flows in the Middle 


® H. G. Schenck and R. M. Kleinpell, ‘‘Refugian Stage of Pacific Coast Tertiary,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 20, No. 2 (February, 1936), pp. 215-25. 
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Miocene near Santa Ynez, and there is a widespread bentonite at the 
base of the Middle Miocene nearly everywhere in this area and also 
in the Ventura Basin. Ash beds occur locally at other horizons but 
are relatively inconspicuous. 

As in the Coalinga district, the Miocene of this area consists of a 
lower division that is locally transgressed by the middle division, and 
an upper division that is dominantly siliceous shale. The middle, 
transgressive division has at its base a calcareous member, but it con- 
tains less sand and is generally thicker in the Santa Ynez than in the 
Coalinga area. No angular unconformity has been described between 
Middle and Upper Miocene in the Santa Ynez area, but failure to 
recognize it may perhaps be due to the lithologic similarity of the two 
divisions rather than to a complete absence of the unconformity. 

Pliocene.—Unlike the Coalinga region, this one has comparatively 
little Pliocene. The thickest section is found west of the area of 
Figure 31 in the Santa Maria Valley, where the 4,000 feet of beds in 
the center of the syncline south of Santa Maria thin rapidly to the 
south, and disappear a few miles to the north. The Lower Pliocene is 
locally diatomaceous, but in its coarser facies carries a fauna like 
that of the Lower Pliocene of Coalinga. The Upper Pliocene, on the 
other hand, carries a fauna like that of the Upper Pliocene of the 
Ventura and Los Angeles basins. In most of the Santa Ynez region the 
marine Pliocene is only a few hundred feet thick, and is overlain by a 
much thicker series of nonmarine sands and gravels with many peb- 
bles of Monterey shale. This material is commonly called ‘Paso 
Robles,” and like the Paso Robles, Morales, Tulare and Saugus for- 
mations of other areas is variously referred to Upper Pliocene and 
Lower Pleistocene. Along the Santa Barbara coast occur the fossili- 
ferous sands and marls of the Santa Barbara formation, also Upper 
Pliocene or Lower Pleistocene in age. 

Uplifted terraces of possibly Upper San Pedro (Upper Pleistocene) 
age are found near the coast and along some of the rivers. Some of 
them have furnished small faunas of mollusks and of horse teeth, all 
referred to living genera. These terraces were cut after the strong 
mid-Pleistocene folding movements. 


STRUCTURE 


The Santa Maria lowland, most of which lies northwest of the 
area shown in Figure 31, is synclinal at the south, but overlies the 
axis of the San Rafael uplift, the oldest and most important anticline 
of the whole province, along its north margin. South of this lowland 
all the ranges of hills are either upfolded or upfaulted, the valleys are 
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either synclinal or down-faulted. The structure is relatively simple 
between the Santa Maria River at the north, which follows the axis 
of the San Rafael uplift, and the Santa Ynez River at the south. 
South of the latter river the structure is complicated. West of Gaviota 
Pass the Santa Ynez Mountains break up into two or three more or 
less parallel chains separated by faulted synclines. The area is one 
of numerous unconformities, the most important of which separates 
Cretaceous and Eocene strata. 


NA 


\ 


Fic. 34.—Unconformity on Alamo Creek near Santa Barbara Potrero, south of 
Cuyama Valley. This diagram was sketched from a photograph. 


Toward the east the Santa Ynez and San Rafael ranges approach 
each other and the intervening area becomes extremely complex, the 
folds being much faulted. An examination of the map and structure 
sections shows this condition clearly. 

Among the structural features deserving more detailed considera- 
tion are the Big Pine and Santa Ynez faults, the Santa Ynez Moun- 
tains, and the Santa Maria basin (Figs. 33, 34 and 35). 

Big Pine fault——The Big Pine fault is one of the major thrusts of 
Southern California. It has been traced, though not in detail, from 
a point not far from Figueroa Mountain to the western edge of the 
Tejon Quadrangle, near the point where Big Sespe Creek turns south 
toward the Ventura Basin. Near Big Pine Mountain the upthrown 
northern side has caused Cretaceous strata to overlie Eocene. Farther 
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east, Eocene strata on the northern side overlie Upper Miocene on 
< the south. The angle of dip of the fault plane is known in only a few 
- places; in these it is not far from 45 degrees. 

The origin of this fault is not entirely clear. It lies between the 

a area of immensely thick Cretaceous strata 14,000 feet or more in Big 

; Pine Mountain and the axial part of the San Rafael uplift, where the 

Cretaceous may have been relatively thin at the time of deposition, 

and in any case was removed by erosion before the Middle Eocene. 
It may thus belong to one of the two types discussed later. 

It is interesting because it is one of the few examples of a thrust 
fault that is not directed toward an area that was a basin during the 
. late Pliocene and early Pleistocene. 

- Santa Ynez fault—The Santa Ynez fault, which forms the north- 
; ern edge of the Santa Ynez Mountains east of Gaviota Pass, and 
splits into two or more branches west of that point, likewise separates ) 
an area of thick and continuous Cretaceous-Eocene strata from a thin, 

discontinuous Cretaceo-Tertiary series. The thick series lies south, 
the thinner one north, of the line of the fault, and like the Big Pine 
fault, this one is also thrust toward the region with the thinner sedi- 
mentary blanket. Unlike the Big Pine fault, however, it is in much 
of its course—though not in all—thrust toward an area that was a 
basin during the later Pliocene and early Pleistocene. 

Santa Ynez Mountains.—The Santa Ynez Mountains are remark- 
able because of the character of their northern boundary, the Santa 
Ynez fault, and also for several other reasons. One of them is the 
cross-folds already mentioned. These have not been adequately in- 
vestigated, but several are so conspicuous as to have attracted atten- 
tion many years ago. One of the most striking, a syncline, is in plain 
view from the highway across San Marcos Pass. It is a steep-sided 
syncline, which strikes across the range at an angle of about 40 de- 
grees to its axial trend. A cross anticline separates this syncline from 
another syncline to the east which has brought down Sespe red beds 
into the axis and north flank of the mountains. These cross-folds 
strike almost directly toward the town of Santa Barbara. In line with ! 
the anticline there is a sharp bend in the strike of the Vaqueros for- 
mation (Lower Miocene) where it lies along the south flank of the 
mountains northwest of Santa Barbara. West of this flexure the 
Eocene and Sespe beds which make up the south flank of the moun- 
tains dip normally southward; east of it they are overturned for 
several miles. 

As might be expected, the main axis of the San Rafael uplift is in | 

% H. W. Fairbanks, of. cit., p. sot. 
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some respects one of the most prominent of all the cross folds of the 
Santa Ynez Range. Its influence seems to have extended far south of 
the range and to have caused a doming on all the anticlines between 
the summit of the mountains and the sea. The apex of the dome on 
which the Ventura Avenue oil field has been developed lies exactly at 
the intersection of this old cross-fold—dating from the end of the 
Cretaceous—and the post-Lower Pleistocene east-west fold known 
as the Ventura anticline. 

Another striking cross-fold or cross-fault is found near Gaviota 
Pass. As noted previously, this is the point at which the Santa Ynez 
fault splits into branches. One of them continues along the northern 
flank of the range of hills nearest the coast, while one cuts across this 
range and strikes the coast line near the mouth of Allegria Canyon, 
four miles west of Gaviota Creek. This curious structural feature is 
clearly not analogous to the cross-folds farther east, since its strike 
is practically at right angles to theirs. It resembles them, however, 
in the interesting respect that an intra-upper Miocene breccia is 
found in its proximity along the coast. 

Because of the irregularities introduced by the cross-folding, the 
Santa Ynez Mountain region richly deserves detailed study, but thus 
far only a few isolated parts of it have been carefully investigated. 
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CHAPTER VII 


VENTURA BASIN 


The present Ventura Basin (Fig. 36) is a small part of the crescent- 
shaped embayment lying to the east and south of the positive area 
(San Rafael uplift) that came into existence as a result of post- 
Cretaceous folding. The western end of the southern arm of the em- 
bayment is narrow, and is here called the Santa Barbara strait. It lay 
approximately in the position of the present Santa Barbara Channel. 
The northern part of the eastern arm has now become converted into 
high, rugged mountains, so little known geologically that its earlier 
history as part of the (ancestral) Ventura Basin has not until recently 
been recognized. 


STRATIGRAPHY (FIG. 37) 


During the long time from the end of the Jurassic to the end of 
the Miocene the strata deposited in Ventura Basin (restricted) were 
not vastly different from those already described from the west end 
of the Santa Ynez Mountains. The Eocene is thicker, the Oligocene 
(Sespe) more completely nonmarine, and the Miocene more varied in 
lithology and in thickness, but in other respects the similarity is great 
between the two areas. 

The thickness-changes of the Miocene are particularly interesting, 
since they show clearly the beginning of the tendency of the old, 
crescent-shaped embayment to break up into basins and barriers. 
Thus in the upper course of Big Sespe Creek, though Lower, Middle, 
and Upper members of the Miocene are all present, the total thick- 
ness is only a few thousand feet. Similar thicknesses are found in 
Ojai Valley and also on South Mountain, with much greater thick- 
nesses in the Piru Creek and Sulphur Mountain areas. 

The marine Pliocene of the embayment area is exposed chiefly in 
and about the modern Ventura Basin. The great thicknesses often 
mentioned are found exposed only in a narrow belt north of Ventura 
and the Santa Clara River Valley. The lithology and paleontology 
of these beds has been described in many publications, and need not 
be summarized here. It will be sufficient to point out that the maxi- 
mum thicknesses as measured by many different geologists lie be- 
tween 15,000 and 20,000 feet, and that foraminiferal work strongly 
suggests a depth of water of several thousand feet during the deposi- 
tion of the Lower Pliocene (Repetto) strata. Since the physical char- 
acteristics of the strata have been interpreted to mean deposition in 
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PLate VIII-A.—Looking north across Big Sespe Creek at Pine Mountain Ridge. Dark 
Eocene —— light-colored Miocene above the Big|Pine thrust. Upper Eocene strata 
near at hand, 


Pirate VIII-B.—Unconformity between Middle Miocene and Middle Eocene, near 
Sierra Blanca Ridge, San Rafael Mountains. Basal bed on. the Miocene has many 
boulders of Eocene Sierra Blanca limestone. Photo by D. D. Hughes. 
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shallow marine water, disagreements of interpretation—in which, 
strange as it may seem, paleontologists have generally argued for 
shallow water, geologists for deep—have been numerous and the 
results indecisive. 

The stratigraphy of Upper Pliocene and Lower Pleistocene strata 
is not yet worked out to the satisfaction of everyone, but the present 
tendency is to refer a thickness of several thousand feet of the more 
variable upper part of the post-Miocene folded series to Lower 
Pleistocene (Saugus, Las Posas, and other formations). These strata 
are generally marine near the coast, but become nonmarine toward 
the east; for example, in the Saugus district. 

The total thickness of the Sedimentary Blanket is so great that 
deep drilling has furnished little information as to the character of 
the older Tertiary and pre-Tertiary formations in the center of the 
basin. For the purposes of the paleogeographic maps the assumption 
has been made that the concealed parts of these formations have a 
thickness that is the mean of the thicknesses exposed to the north 
and to the east or south. If anyone prefers to assume arbitrarily that. 
the center of the basin was a slowly subsiding area during the Cre- 
taceous and Eocene, there is apparently no way to disprove the as- 
sumption, though it is not suggested by any known facts. In any 
event there is no probability that any assumptions of this kind could 
succeed in reducing the writers’ figure of 68,000 feet to less than 40,000 
feet, which in itself is a great thickness for so small a basin. 


STRUCTURE (FIG. 38) 


The north and south boundaries of the eastern part of the Recent 
Ventura Basin are made by two faults of much interest. Their de- 
velopment is suggested by Figure 39. At the beginning of the Mio- 
cene, the Recent basin began to subside between the areas to the 
north and south that had previously constituted integral parts of the 
Ancestral basin. By the end of the Lower Pleistocene the central part 
of the Recent basin had subsided four to five miles farther than the 
bounding areas to the north and south. The downward bends of the 
older strata at the north and south margins of the basin appear poorly 
adapted to withstand the stresses of the Pasadenan orogeny, and thus 
may be imagined to have determined the location of the faults. 

The San Cayetano thrust has an east-west trend west of Sespe 
Creek, but makes a big swing to the south immediately east of this 
stream. The displacement probably reaches a maximum in the area 
of this southward loop, where it may amount to several miles. The 
fault can be traced as far east as Piru, beyond which its course is 
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uncertain. The Santa Clara fault can also be traced eastward to about 
the longitude of Piru, where it seems to die out. The Oak Ridge anti- 
cline to the south of the fault continues farther east but in this part 
of its course it is thrust toward the south, on the Santa Susana fault. 
In a sense, then, the eastward prolongations of both San Cayetano 
and Santa Clara faults lose the east-west trend that characterizes 
them farther west, and are deflected toward the southeast. The de- 
flections are in such direction and amount as to make these structural 
features parallel with the faults and fault-blocks near Saugus and 
farther northwest. 

It is interesting to notice that the southeast swing of the San 
Cayetano and Santa Clara faults takes place to the north of the Simi 
Hills, which likewise have a trend that is out of harmony with the nor- 
mal trend in the Transverse Ranges, being northeast-southwest. A 
study of the paleogeography of this area shows that the apparently 
anomalous trends of these structures are due to the fact that they fol- 
low the margin of the apex of the old Santa Barbara embayment. A 
similar progressive change in strike will be noted later along the north 
and east sides of the Los Angeles Basin, which occupies the apical part 
of the Capistrano embayment. 

Another curious phenomenon of the eastern half of the Ventura 
Basin is the symmetrical arrangement of thrust-faults, which occur 
in pairs. Thus at the north the Nacimiento and Big Pine fauits dip 
under Pine Mountain ridge from opposite sides. The Santa Ynez and 
San Cayetano faults have a similar relation to Topatopa Mountain, 
and the Santa Clara and Las Posas faults to the Oakridge-Las Posas 
upland. Remarkable as it is, the symmetry is not persistent either 
toward the east or west. 

The Tertiary history of the Central Geosynclinal area has many 
striking analogies with that of the Northern area, as exemplified by 
the Coalinga district. In both, Knoxville strata are restricted to the 
approximate areas of the Franciscan; the Upper Cretaceous seas 
transgressed, at least toward the east; strong folding occurred at the 
end of the Cretaceous; the Middle Eocene witnessed a major trans- 
gression; and the subsidence of later epochs continued to be greatest 
in the parts lying at the end and sides—in each case the side farthest 
away from Salinia—of the areas uplifted during the post-Cretaceous 
disturbance. The Ventura Basin thus corresponds in position, in 
history, and in thickness of sedimentary blanket to the Maricopa 
Basin. In each case the deepest basin occurs in the part of the em- 
bayment lying at the apex of the old Franciscan area and at the land- 
ward end of the folded region formed by the post-Cretaceous orogeny. 
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CHAPTER VIII 


ANACAPIA® 


The Northern and Central Franciscan areas are separated, as al- 
ready noted, by a median mass, Salinia. South of the Central Fran- 
ciscan area, in the region of the Southern California shelf, lies a third 
area of Franciscan rocks, different from those of the other areas in 
some respects but even more unlike any other rocks known in the 
West. Between this southern area and the Central basin lies a prov- 
ince generally treated as part of the shelf region, and thus not sep- 
arated from the part underlain by Franciscan rocks. In order to focus 
attention upon some of the peculiarities in the stratigraphy, struc- 
ture, and history of this intermediate area, it is here treated separately 
under the name Anacapia.®® 

Anacapia forms the southern boundary of the Santa Barbara em- 
bayment. It embraces San Miguel, Santa Rosa, Santa Cruz, and 
Anacapa islands and the western part of the Santa Monica Moun- 
tains. The eastern part of these mountains should perhaps be dis- 
cussed as a part of Mohavia but is here treated as merely an eastern 
prolongation of Anacapia, which to all intents and purposes it is. 


STRATIGRAPHY (FIG. 40) 


Basement rock.—The Basement of Anacapia consists of phyllite 
and schist, age unknown but often considered Triassic. It is exposed 
in several areas in the eastern Santa Monica Mountains and in one 
small area on Santa Cruz Island. The last-mentioned exposure is 
small, and the schist has suffered such intense metamorphism that 
its original character and its age have been differently interpreted by 
different geologists. Since it seems not to have any of the distinctive 
features of the Franciscan, and since its metamorphism may be due 
to proximity to a granitic intrusion, it may perhaps be best referred 


67 In the preparation of this chapter much use has been made of the following. 
W. W. Rand, “Preliminary Report of the Geology of Santa Cruz Island, Santa 
Barbara County, California,’ Report XXVII of the State Mineralogist (1931), pp. 214- 
19. 
Carl St. J. Bremner, “‘Geology of Santa Cruz Island,” Santa Barbara Mus. Nat. 
Hist. Occ. Paper 1 (1932). 33 pages. 
, “Geology of San Miguel Island,” ibid., Occ. Paper 2 (1933). 23 pages. 
H. W. Hoots, “Geology of the Eastern Part of the Santa Monica Mountains,” 
U.S. Geol. Survey Prof. Paper 165-C (1931), pp. 83-134. 
Unpublished reports on Santa Rosa Island by D. B. Seymour and Graham Moody. 


68 This name is derived from that of Anacapa Island, the easternmost of the four 
Channel Islands that constitute important parts of the province under discussion. 
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to the same age as that of the Santa Monica phyllite.** The Santa 
Monica Mountains occurrences have been described by Hoots. Near 
the granitic intrusion the rock is schistose; farther away it constitutes 
a broad band of spotted slate and at a distance of a few miles the 
material is so little altered that the apparent total absence of fossils 
is surprising. Perhaps it is due to lack of thorough search. 

If the Santa Monica slate is not Franciscan, as all students seem 
to agree, why may it not be correlated with the supposed Paleozoic 
schists of Salinia and Mohavia? Such a correlation is not impossible, 
but has never been seriously proposed by geologists familiar with the 
two types of rock. As a matter of fact, the slate seems to have its 
nearest analogue in a formation of the Santa Ana Mountains which 
has yielded a few Triassic fossils. It is here classed as Lower Mesozoic, 
like the Franciscan. As a probable hypothesis the writers suggest, 
further, that the Santa Monica slate—and possibly that on Santa 
Cruz Island as well—was deposited contemporaneously with the 
.Franciscan, but that some unknown condition of basin development 
or of deposition deprived the former of the peculiar rock assemblage 
characteristic of the latter. The slates include no radiolarian cherts, 
they are intruded by granitic rocks and not by basic rocks high in 
soda, and they lack such minerals as glaucophane and crossite. 

The granitic rocks that constitute a part of the Anacapian Base- 
ment include diorite, granodiorite, and granite. They seem to agree 
in all respects with Nevadian granitic rocks of many other districts in 
California and their age is commonly assumed to be the same (Upper 
Jurassic, or perhaps lowermost Cretaceous). 

Cretaceous.—Lower Cretaceous rocks, though found in the Central 
Franciscan basin, have not been recognized in the Anacapian district. 
Upper Cretaceous, including thick marine conglomerates, sandstones 
and shales, is found in the central part of the Santa Monica Moun- 
tains, but not in the single small exposure of pre-Eocene rocks known 
on the Channel Islands. The Upper Cretaceous strata of the Santa 
Monica Mountains are associated with Paleocene strata which in 
general they strongly resemble. Only the fossiliferous Paleocene 
strata, in fact, including an algal limestone facies,” are readily dis- 
tinguished from the Upper Cretaceous. The Paleocene strata of Santa 
Cruz Island crop out in one small area. They consist of sandstone and 
sandy shale, and have yielded some well-preserved fossil mollusks. 
The exposed thickness is about 350 feet. 

6° Bremner makes this correlation, op. cit., p. 15. Rand describes two granites— 


one old and altered—cutting the schist, a fact perhaps more consistent with a greater 
age for the schist. 


7 H. W. Hoots, op. cit., p. 91. 
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Eocene.—Eocene strata are not known in the Santa Monica 
Mountains but are found in each of the three larger Channel Islands. 
The exposed thickness is 3,400 feet on Santa Cruz Island and 9,000 
feet on San Miguel Island. The facies is apparently not very different 
from that on the adjacent mainland. 

Oligocene.—Oligocene strata are not definitely known on Anacapia, 
but may be represented by some post-Eocene pre-Middle Miocene 
red beds found in the Topanga Canyon area of the Santa Monica 
Mountains; possibly also by some of the uppermost marine strata, 
now referred to the Eocene, on Santa Rosa and San Miguel islands. 

Miocene.—All three divisions of the Miocene are well represented 
in the western part of the province, and the two higher divisions 
farther east as well. Lower Miocene marine strata are found on the 
three larger Channel Islands and in the westernmost part of the Santa 
Monica Mountains. They consist of littoral sandstones with a good 
marine fauna. The thickness on the islands is given as from 600 to 
1,600 feet, while that in the western Santa Monica Mountains is 
stated to be of the order of 5,000 feet.7! The red beds previously men- 
tioned as possibly Oligocene may also belong to the Lower Miocene. 
Middle Miocene strata are found nearly everywhere in the Anacapian 
province. They consist dominantly of coarse marine strata with minor 
intercalations of argillaceous and siliceous shale. Basic intrusives and 
flows are associated with the sedimentary strata in all parts of the 
province. On Santa Cruz Island and at a few localities along the coast 
of the mainland the lower part of the Middle Miocene includes lenses 
of San Onofre breccia. The island occurrence is of particular im- 
portance because it lies immediately under a foraminiferal shale with 
a lower Middle Miocene fauna,” and thus seems to prove definitely . 
that a near-by area of Franciscan rocks was strongly uplifted near the 
beginning of the Middle Miocene. The point will be discussed at 
greater length in the account of the Los Angeles Basin. 

Upper Miocene strata are also widespread, and are lithologically 
variable. In some localities they are conglomeratic or even agglom- 
eratic, in others sandy, and in some are composed chiefly of siliceous 
and diatomaceous shale of Monterey type (Modelo formation). 

The strong angular discordance between Middle and Upper Mio- 
cene is conspicuous and widespread in the eastern Santa Monica 
Mountains but has not been noticed farther west. At the end of the 
Miocene the entire Anacapian province seems to have emerged from 

7 W. Loel and W. H. Corey, ‘“The Vaqueros Formation, Lower Miocene of Cali- 
fornia,” Univ. California Pub. Geol., Vol. 22 (1932), p. 63. 

7H. L. Driver, oral communication. 
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Fic. 41.—Structure sections across Anacapian province. The upper section (Santa Cruz 
Island) is from Bremner, the lower (Santa Monica Mountains) from Hoots. 
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the sea, and the parts that can be investigated at present, though 
locally terraced, seem to have been generally emergent ever since. 


STRUCTURE 


The Santa Monica Mountain region is essentially a broad, faulted 
fold with a steep south flank that becomes faulted toward the west. 
The Channel Island region is also broadly anticlinal, but is crossed 
obliquely by some smaller folds and by a few important faults. As the 
structure sections (Fig. 41) show clearly, the folds are in general lower 
and less steep-sided than many of those found elsewhere in coastal 
California. The larger faults seem to be nearly vertical, and one of 
them—the Santa Rosa fault of Santa Rosa Island—has peculiarities 
thought” to demonstrate a horizontal displacement of several miles. 

The Anacapian region has obvious points of structural similarity 
with the San Rafael and Diablo uplifts, and also with many parts of 
Salinia. Its folds are lower than those of the former provinces, steeper, 
in general, than those of the latter. It lacks any feature comparable 
to the Caliente trough, and therefore lacks structures of the type 
found in the trough. If there is a correspondence between type of 
structure and character of basement, it seems fitting that Anacapia, 
with a basement composed partly of slate and partly of granite, 
should stand structurally somewhere between granitic Salinia and 
Franciscan San Rafael uplift; at any rate, that is about where it seems 
to stand. 

SUMMARY 


Since the recognition of an Anacapian structural province is to 
some extent an innovation, it seems worth while to summarize the 
reasons that may be adduced in favor of this procedure. 

1. Anacapia is a topographic unit. It is an east-west mountain 
range with the lower passes—except Cahuenga Pass—flooded by 
the sea. 

2. It forms the southern margin of the Transverse Ranges, and 
differs fundamentally in structural evolution from the Santa Ynez 
Mountains, which form their northern boundary, and also from the 
intermediate area of the Santa Barbara Strait and Ventura Basin. 

3. It differs from the areas immediately adjacent to the north and 
south not only in character of basement rock but also in many points 
of geologic history. 

4. Inits history as a positive area it corresponds closely to Salinia: 
for example, in emergence during Lower Cretaceous, Oligocene, and 
less completely, during the Pliocene. 


73 Graham Moody, unpublished report. 
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5. During the Middle Miocene, when the Catalina uplift to the 
south was strongly emergent, Anacapia was subsiding rapidly. 

For these and similar reasons, Anacapia is interpreted as an area 
the positive character of which dates back to the Lower Mesozoic. It 
lay within the old geosynclinal belt, and was presumably an integral 
part of it, but possessed even at that time a distinctive character. 
The exact outline of this Lower Mesozoic positive area is not clear, 
since the northern margin may have been gnawed away during the 
development of the Santa Barbara embayment, the west end seems 
to have subsided rapidly during the Eocene, and a central area (near 
Point Mugu) crumbled and foundered during the Lower Miocene. 
In spite of these vicissitudes, the positive character of the province 
still seems to be evident in so many respects as to make desirable its 
recognition as a distinct province. 
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CHAPTER IX 


SOUTHERN GEOSYNCLINAL BASIN AND THE 
LOS ANGELES BASIN 


Compared to the provinces farther north, the Southern Geosyn- 
clinal Basin is little known. The sea covers much the greater part of 
it and the parts exposed fail to give information on several points 
about which it would be very desirable to know. The difficulties are 
increased by the fact that none of the islands belonging to this prov- 
ince—Santa Catalina, San Clemente, San Nicolas or Santa Barbara— 
has been mapped in much detail. The Palos Verdes Hills, which con- 
stitute a land-tied member of this island group, are somewhat better 
known, and as will appear later both they and the western part of the 
plain near Los Angeles belong to the province under discussion. 

The more important stratigraphic features, so far as now known, 
may be summarized as in Table V. 


TABLE V 


STRATIGRAPHY OF SOUTHERN GEOSYNCLINAL BASIN 
PLEISTOCENE 
Marine terraces on all islands and on Palos Verdes Hills; deposits thin. Older Pleis- 
tocene well-known only on Palos Verdes Hills 
PLIOCENE 
Known only on landward side of Palos Verdes Hills, where it consists of thin glaucon- 
itic silts of Lower Pliocene (Repetto) age 
UPPER MIOCENE 
Diatomaceous and siliceous rocks with interbedded volcanic ash, andesitic agglomer- 
ate, ef cetera 
MIDDLE MIOCENE 
Similar but more cherty, with basaltic and rhyolitic volcanic flows, breccias, e¢ cetera 
LOWER MIOCENE 
Not recognized 
OLIGOCENE 
Not recognized 
EOCENE 
Sandstone and shale on San Nicolas Island; about 5,000 feet exposed 
CRETACEOUS 
Not recogni 
BASEMENT 
Franciscan schist; large areas exposed on Santa Catalina Island and small ones in 
Palos Verdes Hills 


With reference to this table, it is important to realize that the 
data apply definitely only to a very small part of the whole province; 
and further, that the small areas exposed are all alike in being moun- 
tain tops. If the areas between them could be studied, they might 
give a very different idea of the stratigraphic and other relations of 
the province. The only available method of securing information with 
which to fill out the details of the picture is to consider what is im- 
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plied as to conditions farther south and west by what is known of the 
geology of the district near Los Angeles. How important this knowl- 
edge may be for an understanding of the geology of the shelf area may 
be seen by recalling Woodford’s interpretation of the San Onofre 
breccia. He found clear evidence of the existence of a Middle Ter- 
tiary “western land,” and inferred many interesting things about its 
geology. With this example before us we may turn to a study of the 
geology of the Los Angeles Basin and hills surrounding it (Fig. 42). 


LOS ANGELES BASIN 


The Santa Monica Mountains, already discussed as the eastern 
end of Anacapia, form the boundary along a part of the northern edge 
of the Basin. They are continued toward the east by the hills north 
of Los Angeles and, east of the Los Angeles River, by the Repetto 
Hills, at the southeast end of which is an anticlinal ridge upon which 
the Montebello oil field is located. East of the oil field is a pass through 
which the Rio Hondo and San Gabriel rivers flow. Structurally this 
pass is a complex cross syncline lying between the Repetto and Puente 
Hills. Toward the southeast—beyond the canyon of the Santa Ana 
River—the Puente Hills rise into the Santa Ana Mountains, a mem- 
ber of the Peninsular Ranges. The western slope of the Santa Ana 
Mountains is important because it contains a fairly continuous 
section of Upper Cretaceous and Tertiary strata, all of which dip 
westward under the eastern edge of the Los Angeles Basin. Toward 
the south the west flank of the Santa Ana Mountains gives way to the 
Capistrano syncline, beyond which lies an isolated group of hills with 
a well-exposed section of Tertiary formations. This group, the San 
Joaquin Hills, is interesting because, among its other claims to dis- 
tinction, it is the type locality of the San Onofre breccia, and is the 
southeast end of an important structural feature, the Newport- 
Inglewood belt, which will be discussed in some detail on later pages. 

The only other marginal group of hills is the Palos Verdes, already 
mentioned as a land-tied member of the islands of the continental 
shelf. The Newport-Inglewood structural belt is marked by low hills, 
however, which constitute a median range across the central part of 
what is ordinarily considered to be the Los Angeles Basin. From the 
San Joaquin Hills at the southeast this median belt stretches north- 
westward, past Huntington Beach, Long Beach, and Inglewood, to 
merge with the foothills south of the Santa Monica Mountains in the 


% A. O. Woodford, ‘“The San Onofre Breccia,’’ Univ. California Pub. Geol., Vol. 
15 (1925), P. 159. 
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vicinity of Beverly Hills. The lowland to the west may be called the 
El Segundo Plain; that to the east, the Downey Plain. 

Besides the Los Angeles Basin proper, two or three neighboring 
“valleys” contain Tertiary strata that throw some light on the history 
of the area. The more important of these are the San Fernando, San 
Gabriel, and San Bernardino valleys. 

As the home of many geologists during recent years, the Los 
Angeles district has naturally been the subject of many investigations 
and of a considerable number of geological publications. Much of the 
information collected remains in the files of local geologists and of oil 
companies, but it is to a great extent available as a result of formal 
and informal meetings and discussions. Only a small part of the total 
can be summarized here, but an attempt is made to select for presen- 
tation those data that bear most directly on the problems of struc- 
tural evolution of the district and of the old geosynclinal basin to the 
southwest. 

STRATIGRAPHY (FIG. 43) 

Basement rock.—In the Palos Verdes Hills the basement rock is 
Franciscan, belonging to the Catalina Metamorphic Facies of Wood- 
ford.® Franciscan rocks have also been penetrated in several deep 
wells drilled in the Torrance and Playa del Rey oil fields and in other 
parts of the El Segundo Plain. They are not found in the eastern 
Santa Monica Mountains, where as explained previously the oldest 
rocks are phyllites of possible Triassic age, which are intruded by 
granitoid plutonic rocks. In the eastern part of the mountains, north 
of Hollywood, these granitoid rocks are exposed over considerable 
areas. In the Verdugo Hills, San Gabriel Mountains, and locally in the 
San Jose and Puente Hills, the basement rocks are similar granitoid 
rocks along with gneisses, schists and other metamorphic rocks of 
many kinds. Except that they are pre-Cretaceous, these rocks are of 
unknown age. Some of the granites may be of the same age as those 
in the Santa Monica Mountains, but others may be older, and the 
associated metamorphic rocks are generally supposed to be Paleozoic 
or older. Rocks of Franciscan type are entirely absent. 

In the Santa Ana Mountains the metamorphic rocks are schist, 
phyllite, quartzite, and a limestone that has yielded Triassic fossils. 
The fact that these rocks are different lithologically from the meta- 
morphic rocks of the San Gabriel Mountains and similar to those of 
the Santa Monica Mountains is the reason for the common assump- 
tion that the Santa Monica slate is also Triassic. The Santa Ana 


% A. O. Woodford, “The Catalina Metamorphic Facies of the Franciscan Series,’’ 
Univ. California Pub. Geol., Vol. 15, No. 3 (1924), pp. 49-68. 
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metamorphic rocks are intruded by granite similar in character to that 
of the Santa Monica Mountains. It is obviously post-Triassic in age, 
and is present as boulders in unconformably overlying Upper Cre- 
taceous strata. It is thus also pre-Chico, and is commonly supposed 
to be Upper Jurassic, like the similar granite of the Sierra Nevada 
Mountains. 

What is the character of the basement rock of the Downey Plain? 
The question cannot be answered definitely but as will be explained 
later most students are inclined to assume the presence of granite or 
of metamorphic rocks of the Santa Monica type or of both. Further 
suggestions will be made later in connection with the account of the 
Newport-Inglewood structural belt. 

Beds of Knoxville age have not been recognized south of the east- 
west line followed by the Santa Ynez Mountains. In view of the fact 
that this series nowhere occurs in areas of granitic basement, and 
that the only parts of the Southern Franciscan Basin that can be 
examined are a few strongly uplifted areas, it is possible that the 
Knoxville Sea spread over all or part of the area under discussion here 
but that its deposits were removed by later erosion. By analogy with 
the occurrence of Knoxville strata in both of the more northerly 
geosynclinal basins, it seems particularly likely that Knoxville strata 
either exist now or at least that they formerly existed within the 
Southern Basin. 

Cretaceous——Upper Cretaceous strata crop out intermittently 
along the west flank of the Peninsular Range area from Santa Ana 
Canyon to San Diego. In a deep boring south of San Diego Upper 
Cretaceous strata were recently penetrated and found to overlie beds 
like those that yield Triassic fossils farther north. Such facts as this 
suggest strongly that Cretaceous beds extend westward beyond the 
present shoreline of the Pacific Ocean near San Diego, and that they 
underlie at least the eastern part of the Los Angeles Basin farther 
north. There seems to be no reason to doubt that this formation once 
covered all of the Los Angeles Basin and of the Southern Geosyncline. 
The evidence of the San Onofre breccia proves, nevertheless, that it 
had been removed from considerable areas before Middle Miocene 
time. 

Paleocene.—Paleocene strata are found in the Santa Monica 
Mountains and on the west and north slopes of the Santa Ana Moun- 
tains. They are absent from the northeast margin of the Los Angeles 
Basin and also from the Palos Verdes Hills. Since they are absent 
from the Diablo and San Rafael uplift areas, and were apparently 
never deposited there, it may be argued, by analogy, that the Mar- 
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tinez Sea also failed to cover the area of the Catalina uplift. The paleo- 
geographic maps, Figures 7 and 8, are drawn on this assumption, but 
the favorable evidence is indirect and admittedly inconclusive. 

Oligocene.—Oligocene time is represented only by undated red 
beds in the areas east and west of Los Angeles Basin, and is not repre- 
sented by deposits elsewhere. It is possible that the red beds are all 
Lower Miocene, since some of them have yielded marine fossils of that 
age east of Los Angeles. Oligocene deposits may then be entirely 
absent from this province. 

Miocene.—Lower Miocene strata are known east and west of Los 
Angeles Basin but not along the northern margin or in the south- 
western area with Franciscan basement. The available data, including 
the faunal relations, suggest that their absence from the intermediate 
area is due to non-deposition. The writers follow Loel and Corey in 
supposing that a broad peninsular land mass”*—the Catalina uplift— 
was in existence in the western part of the Los Angeles Basin and 
southwest in the shelf area during this time. Strata of Middle Miocene 
age are more widespread, and may exist in all parts of the district 
except the landward edge of the old Catalina uplift. In a part of this 
belt, the evidence of deep drilling shows definitely that they are 
absent (Fig. 44). The characteristics of the San Onofre breccia demon- 
strate, furthermore, that the Catalina uplift was high land during at 
least part of the Middle Miocene. The strong disturbances that oc- 
curred at the end of the Middle Miocene are clearly registered by angu- 
lar discordance in both the Santa Monica and Santa Ana mountains. 
The folding that occurred at that time is more clearly shown than 
any other during the entire Tertiary; and it is better shown in the Los 
Angeles region than anywhere else in Southern California. Yet, 
curiously, the extent of the Upper Miocene sea in this area is not less 
than that of the Middle Miocene, but considerably greater. Upper 
Miocene strata overlap Middle Miocene and lie upon the granite at 
the north end of the Puente Hills near Pomona and upon Franciscan 
in the El Segundo Plain southwest of Los Angeles. 

The Upper Miocene strata are commonly known as Modelo and 
Puente formations in this region. They consist largely of siliceous and 
diatomaceous shale, but have many interbedded members of coarse 
detritus; for example, in the San Jose Hills and in the western part 
of Pasadena. In Palos Verdes Hills they even have lenses of schist 
breccia of San Onofre type. It is probable, also, that some of the 
higher beds of the San Onofre breccia in the San Joaquin Hills may 
be of this age. 


% W. Loel and W. H. Corey, ‘“The Vaqueros Formation, Lower Miocene of Cali- 
fornia,” Univ. California Pub. Geol., Vol. 22 (1932), p. 51 and map 1. 
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The San Onofre breccia.—That a study of the San Onofre breccia 
is important in connection with the structural history of Southern 
California will be evident from the number of times it has been men- 
tioned in the foregoing pages. An understanding of its characteristics 
and an appreciation of the problems involved in its interpretation are 
so important for the ensuing discussion that it seems necessary to 
insert here a discussion of the formation. Most of the available data 
have been summarized by Woodford,” but a few important new facts 
have since been discovered by Woodford and others. Data of par- 
ticular value have resulted from an investigation made in the San 
Joaquin Hills in 1934 by R. W. Burger and H. D. Hobson. Their 
map, reproduced in simplified form and on a much reduced scale as 
Figure 45,7* shows some important facts about the San Onofre 
breccia that had been missed during earlier investigations. 

The breccia is best developed in the San Joaquin Hills and south 
toward Oceanside. Its thickness in this area amounts locally to 2,600 
feet or more, and the largest blocks are 12 feet across. The matrix 
varies from sandy to earthy, and the detrital fragments consist of 
blue or green amphibole schists, quartz-amphibole schists, blue-black 
albite knotted schists, and similar types, all of which occur as autoch- 
thonous constituents of the Catalina Metamorphic Facies of the 
Franciscan. The oldest lenses of the breccia occur in the Temblor, 
but there are later intercalations in siliceous Monterey shale over- 
lying the Temblor sandstone. The age of these members will be con- 
sidered more carefully on a later page. 

In the Palos Verdes Hills a similar breccia occurs in the Middle 
Miocene. A coarse and fairly thick lens is found along the west side 
of the hills south of Malaga Cove where it underlies Valvulineria 
californica shale. Other occurrences are near the small central out- 
crops of Franciscan rocks on the northeast slope of the hills. Near 
Point Firmin there are thin intercalations of relatively fine-grained 
breccia or schist sandstone in Upper Miocene beds.”® 

According to Woodford and Bailey,®® the breccias of the coastal 
slope of the western Santa Monica Mountains are lithologically sim- 


7 A. O. Woodford, “The San Onofre Breccia,’ Univ. California Pub. Geol., Vol. 
15 (1925), PP. 159-280. 


78 This map is one of the results of an investigation of the San Joaquin Hills made 
for The Texas Company and the Continental Oil Company, and is published here by 
permission of these companies. 


7 W. P. Woodring, M. N. Bramlette, and R. M. Kleinpell, “Miocene Stratigraphy 
and Paleontology of Palos Verdes Hills, California,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 20, No. 2 ehousey, 1936), pp. 125-49. 


8° A. O. Woodford and T. L. Bailey, “(Northwestern Continuation of the San 
Onofre Breccia,”’ Univ. California Pub. Geol., Vol. 17 (1928). 
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Piate [X-A.—Outcrop of San Onofre breccia, Middle Miocene, 
west side of Palos Verdes Hills. 


PrLate IX-B.—An exposed oil sand showing overlap relations. On Ramona Boulevard 
east of Los Angeles River in the city of Los Angeles. 
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GEOLOGY OF A PORTION OF i 
SAN JOAQUIN HILLS . 
ORANGE COUNTY - CALIF. 


BY 


R.W. BURGER & H. D. HOBSON 


SCALE - MILES 


JUNE- 1935 


LEGENDS 


Qal  Alluvium 

QUATERNARY 02 Terrace deposits 
PLIOCENE ? {Tec. Capistrano formation 
Tmsh. Monterey shale 
Tmss. Monterey sandstone 
Tso. San Onofre breccia 
Ttsh. Temblor shale 

Ttss. Temblor sandstone 
Tv. Vaqueros fossiliferous 

sandstone 
Tve Vaqueros red beds 


MIOCENE 


Fic. 45.—Geologic map of part of San Joaquin Hills. Geology by R. W. Burger 


and H. D. Hobson. See text for discussion. : 


: 
taka 
Z 
= 
Tv. 
2 > H 
5 
ge / 
2s fe PO tin 


1668 STRUCTURAL EVOLUTION OF CALIFORNIA 


ilar to those already mentioned. W. H. Corey states* that they are of 
Upper Miocene age. 

On Santa Cruz Island the “Temblor” contains a thick member 
of “coarse unassorted angular conglomerate (San Onofre) grading to 
finer conglomerate and sandstone” and shale.* This occurrence is 
interesting because it lies beneath a foraminiferal shale carrying a 
lower Middle Miocene fauna. The Temblor mollusks found asso- 
ciated with the conglomerate are post-Vaqueros; that is, they belong 
either to the upper Lower Miocene or to the Middle Miocene of the 
classification used in this study. Here as elsewhere the paleontological 
data seem to show that the land areas that furnished San Onofre 
detritus to coastal Southern California were above sea-level by the 
end of Lower Miocene or very shortly thereafter. 

In addition to the stratigraphic conditions, the structural features 
of the area studied by Burger and Hobson deserve consideration. 

The Vaqueros and Temblor members of the Miocene, and red 
beds (“‘Tvr’’) that may be either Miocene or Oligocene, occupy the 
western part of the area mapped and are cut by some large faults, 
two of which have an easterly trend and die out at the base of the 
long,r° ‘\-south strip of San Onofre breccia. The breccia is overlain, 
appar _ with a slight local discordance, by sandstone and siltstone 
carrying the Middle Miocene foraminiferal fauna of the Valoulineria 
californica zone. 

The implications of these conditions are obvious. The fossils of 
the Temblor are not older than the upper half of the Lower Miocene, 
and thus the faulting cannot have taken place much before the end of 
the Lower Miocene. A short period must be allowed for the reduction 
to a plain of the irregular surface caused by the faulting. As soon as 
this planation was completed, the San Onofre breccia may have been 
deposited. Its age can hardly be greater than that of the button bed; 
that is, basal Middle Miocene. Unless the apparent discordance be- 
tween San Onofre and overlying beds is illusory, furthermore, it is 
also hard to put the San Onofre later than lower Middle Miocene, 
since the overlying siltstone fauna is referred to the lower part of the 
Valvulineria californica zone, and may even belong to the upper part 
of the Gould shale (middle Middle Miocene).™ 

This faulting episode which is thus dated with more accuracy than 
is usual in the case of old faults, is important for several reasons. 


81 “Age and Correlation of Schist-Bearing Clastics, Venice and Del Rey Fields, 
California,’ Bull. Amer. Assoc. Petrol. Geol., Vol. 20, No. 2 (February, 1936), p. 154. 


8 C. St. J. Bremner, “Geology of Santa Cruz Island,’’ Santa Barbara Nat. Hist. 
Mus. Occ. Paper 1 (1932), p. 14. 


83H. L. Driver, oral communication. 
* Boris Laiming, oral communication. 
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First, the date of the faulting is very close to the beginning of the 
widespread Middle Miocene transgression—thus stimulating specula- 
tion as to a causal relation between faulting and transgressions; 
second, the date is that of the most violent and widespread outbreak 
of vulcanism in California during the Tertiary; third, the coincidence 
in date between faulting and breccia deposition suggests that faulting 
in the region now offshore from Laguna may have had something to 
do with generating the high rugged lands that are needed to account 
for the character of the breccia.® 

That land areas of this kind lay to the west or southwest of coastal 
Southern California has been clearly demonstrated by Woodford. 
The detritus of the San Onofre breccia came from an area underlain 
by the Catalina Metamorphic Facies. Such an area existed, and still 
exists, in the shelf region south and southwest of the Los Angeles dis- 
trict but not in any other region near enough to furnish coarse detritus 
to this district. It must therefore be concluded that the Catalina 
uplift was emergent during Middle Miocene. Woodford sums up as 
follows concerning this land and the processes that were taking place 
upon it. 

[The] peculiarities of the San Onofre facies are due to (1) high relief, (2) 
aridity, and (3) the ease with which the unusual rocks disintegrated to fine 
pliable flakes and shreds. Pending further advances in our knowledge of 
sedimentation, the following conclusions may be hazarded. A steep mountain 
front made possible extensive landslides and avalanches. The occasional 
torrential downpours formed with the fine schist shreds a slippery medium in 
which larger fragments of many sizes moved by stages to often distant resting 
places. Sometimes such a flow swept into the quiet neighboring inland sea, 


whose waters washed away the finest material, but were often unable to round 
the edges of the blocks and schistose slabs.* 


The Catalina uplift was thus emergent during the Middle Mio- 
cone, but how about the earlier Tertiary? As Woodford observes:*? 


The only possible general conclusion is that there is no evidence from the 
exposed sediments of the existence of a western land mass previous to Temblor 
time, but it may nevertheless have existed, and that it is especially likely to 
bave been present immediately preceding the Temblor. 


As already suggested, the San Onofre breccia has many analogies 
with the Big Blue of the Coalinga district, which is also Middle Mio- 


85 That some of the faults in the San Joaquin Hills and also in the Santa Monica 
Mountains are old had been suspected previously because they are followed by basalt 
dikes. Some doubt persisted, however, since it was not possible to prove that the basalt, 
though similar to known Miocene basalts, was actually Miocene in age. Now that 
Miocene faults are known to exist in one of these areas, the probability that some of 
the others are also Miocene seems definitely better. 


% A. O. Woodford, op. cit., p. 243. 
87 A. O. Wooford, op. cit., p. 225. 
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cene in age. The Big Blue was derived from the Franciscan area of 
the Diablo uplift, which was covered by sediments during the Upper 
Cretaceous, folded and uplifted at the beginning of the Tertiary, and 
broadly denuded of its cover by the Middle Miocene. In the San 
Rafael district there are also conglomerates composed largely of 
Franciscan detritus. Most of them are found in the Sespe but some 
of those in the Lompoc district are basal Middle Miocene. They were 
derived from the Franciscan mass of the San Rafael uplift, which was 
blanketed with Cretaceous sediments, upfolded at the end of the 
Cretaceous and stripped of sediments locally as early as Middle 
Eocene (Sierra Blanca limestone time). These analogies suggest that 
the Catalina uplift may also have been blanketed with Cretaceous 
sediments—as the conditions east and southeast of the Los Angeles 
Basin also imply—and ‘that its first emergence as a land area must 
have been earlier than Middle Miocene, and may have been as early 
as the post-Cretaceous folding episode that led to the emergence of 
the more northerly areas of uplift. 

Pliocene and Lower Pleistocene——Though they underlie many of 
the low hills about the margin of the Los Angeles Basin and even in 
the city of Los Angeles, the soft sands and silts of the Pliocene and 
Lower Pleistocene are not conspicuously exposed in many places. 
Arnold studied the Pleistocene fossil beds in cliffs and other exposures 
near San Pedro and described two formations, Upper and Lower San 
Pedro, separated by a prominent unconformity. His Lower San Pedro 
beds and their correlatives constitute the Lower Pleistocene of the 
present discussion, and include the Lomita, Timms Point, San Pedro 
and other formations of different authors. The pre-Pleistocene beds 
of the succession were at first called Fernando and later Pico. These 
names suggest correlation with Pliocene strata of the San Fernando 
and Newhall districts, 30 or more miles northwest of Los Angeles. 

The detailed stratigraphic studies of the past 15 years have led to 
a more complex classification, or rather to several of them. Though 
the same units are generally recognized, the nomenclature has not 
become fully standardized. In order to clarify the discussion of the 
following paragraphs, Table VI, containing the classification in use in 
The Texas Company paleontological laboratory, is presented. 

The outcropping Pliocene is so varied in lithology and in paleon- 
tology that the correlation of the different outcrops even in the Los 
Angeles Basin might always have remained uncertain if deep drilling 
and coring had not revealed the more uniform conditions in the part 
of the series that fails to outcrop. The problems are not all solved even 
yet, but the last few years have seen a remarkable amount of progress. 
Much of the information is still incompletely published, and thus not 
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readily available. A monographic treatment of the problems of the 
Los Angeles Basin Pliocene would be a most important contribution 
to California geology. 

Figure 42 shows something of the thickness of the Pliocene-Lower 
Pleistocene succession by means of isopachs. All of the outcrops are 
outside of the 5,000-feot isopach, though generally not far from it. 
The basin itself, as will be shown later, may be fairly adequately de- 


TABLE VI 
PLIOCENE AND PLEISTOCENE OF Los ANGELES BASIN 


PLEISTOCENE 
San Pedro or Santa Barbara beds; silts and sands; shallow-water Foraminifera 
PLIOCENE 
Upper Pico (“Library” beds, ‘‘mud-pit” shales, et cetera); 1,000 feet 
Uvigerina peregrina zone; largely silts and fine sands 
Middle Pico (Pico “brown’’); 700-1,000 feet in wells; uncommon in outcrop 
Bolivina robusta zone; upper part sandy, lower part silty 
Lower Pico (“Transition bede’): 350-700 feet 
Bulimina subacuminata zone 
Repetto (also called Lower Pico at one time); alternating siltstone and sandstone 
members; contains many of the most prolific oil sands of Los Angeles Basin 
oil fields; carries the Plectofrondicularia californica foraminifer assemblage, 
which can be divided into numerous subzones. Contact with Upper Miocene 
is unconformable in some sections, but is generally transitional in wells 


fined as the area within this isopach. This fact is important in the pres- 
ent connection. The present Los Angeles Basin is to be thought of 
as a reduced remnant, constituting the central part of the Pliocene 
basin. This was a marine embayment, broadly connected with the 
ocean, and deriving its sedimentary materials in part from uplands 
close to its borders.** As the paleogeographic maps show, furthermore, 
the Pliocene basin was the apical part of the Tertiary Capistrano 
embayment, and was located at the landward apex of the Catalina 
uplift. Its position is thus analogous to that of the Maricopa and 
Ventura basins, each of which occupied parts of Tertiary embay- 
ments at the landward ends of uplifts that came into existence at the 
end of the Mesozoic era. 

In order to illustrate the type of structural problem that confronts 
geologists in the Los Angeles area, it may be interesting to summarize 
part of the data and to review some of the theories that have accumu- 
lated about one prominent structural feature of the Los Angeles 
Basin. This feature is known variously as the Newport-Inglewood, 
or Inglewood, “fault,” “fold,” “uplift,” or “belt.” 

Many of the most important characteristics of this belt may be 
seen by consulting the topographic sheets of the United States Geo- 


88 See, for example, E. C. Edwards, “Pliocene Conglomerates of Los Angeles Basin 
and Their Paleogeographic Significance,” Bull. Amer, Assoc, Petrol. Geol., Vol. 18, 
No. 6 (June, 1934), p. 786. 
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logical Survey, such as the Inglewood, Watts, Compton, Clearwater, 
Long Beach and Seal Beach quadrangles. 

Other details are given in some of the economic reports written 
about oil fields of this belt.*® Still other data, along with speculations 
as to the nature and origin of the belt, may be found in papers by J. E. 
Eaton, Ferguson and Willis, and Hans Cloos.® A brief description 


Fic. 46.—Sketch map of Seal Beach oil field and vicinity. Light lines are topo- 
graphic contours, contour interval ro feet; heavy lines are structural contours on oil 
sand, contour interval 50 feet. 


89 See, for example, R. M. Barnes and Glenn H. Bowes, ‘“‘Seal Beach Oil Field,” 
Summary ‘of Operations—California Oil Fields, Vol. 16, No. 2 (1930), pp. 9-31, and 
several other papers in the same series. 

Also, H. S. Gale, “Geology of Huntington Beach Oil Field, California,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 18, No. 3 (March, 1934), pp. 327-42. 


90 J. E. Eaton, “‘A Contribution to the Geology of Los Angeles Basin, California,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 10, No. 8 (August, 1926), pp. 753-67. oy paper 
quotes from an earlier paper, Published in a trade journal, by t the: same author.) 

. Ferguson and C. G. Willis, “Dynamics of Oil-Field Structure in Southern 
California,” ibid., Vol. 8, No. : (September-October, 1924), pp. 576-83. 

Hans Cloos, “Bau und Bewegung der Gebirge in Nordamerika, Skandinavien und 

Mitteleuropa,” Fortschr. Geol. und Pal. Bd. 7, Heft 21 (1928), p. 287. 


4 
{) 
Z 
y, \ 
Beach 
< \. 
“4 X 


GEOSYNCLINAL AND LOS ANGELES BASINS 1673 


with excellent maps and other illustrations may also be found in the 
Southern California Guidebook of the International Geological Con- 
gress, 1933. In the following sketch free use has been made of the pub- 
lications cited and of many other published and unpublished obser- 
vations. 

The map (Fig. 42) shows the location of the Newport-Inglewood 
belt, which cuts across the Los Angeles Basin from northwest to south- 
east. Some of the details that must be fitted into any satisfactory 
hypothesis as to the nature of the structure are illustrated in the map 
and structure-section of the Seal Beach-Alamitos oil field (Figs. 46 
and 47), which constitutes a small segment near the middle of the 
belt. As the map shows, it consists of a faulted, twinned dome pro- 
duced, or at least finally shaped, by folding and faulting in late geo- 
logical time and by the still more recent erosional activity of a large 
antecedent stream. The arched surface is offset by a low scarp, which 
is the surface expression of a small fault. Since both faulting and fold- 
ing seem to increase in intensity downwards, there is a suggestion that 
the recent beds took part in only the later stages of diastrophic activ- 
ity that may have begun considerably earlier. 

So far as the data in this map and section show, there is clearly 
nothing to suggest that the fold is a mere secondary result of faulting, 
as so many Coast Range folds have occasionally been stated to be. 
The suggestion is rather that the faulting is minor, the folding rela- 
tively major. As in many such cases, however, it may be well to defer 
judgment until additional facts have been reviewed. Perhaps both 
fault and fold are mere superficial phenomena related in some way 
to a structure more profound than either. 

That similar arched surfaces cut by similar scarps occur along the 
whole course of the Newport-Inglewood belt may be readily seen by 
examining the topographic sheets already cited. Deep drilling has 
shown that each of the arched areas is a dome, generally faulted. 
Since the whole belt acts as an efficient groundwater dam, moreover, 
it has long been recognized as a probable anticline, so far at least as 
the upper few thousand feet of strata are concerned. The results of 
deep drilling along the belt and near it on both sides have tended to 
confirm this hypothesis. The domes and small faults fall into an in- 
teresting pattern, especially in the part of the belt northwest of Seal 
Beach. Both domal axes and faults are arranged en échelon, but domal 
axes are not parallel to faults. The average strike of the faults is more 
northerly than that of the major structure, the average strike of the 
domal axes more westerly. Southeast of Seal Beach the minor struc- 
tures lie approximately parallel to the major one. 

Perhaps some justification is needed for the assumption that all 
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| the topographic scarps of the area reflect faults. Proof by drilling has 
been secured at Seal Beach and Long Beach, and proof from surface 
observations is available in Baldwin Hills near the northwest end of 
the belt. In the rest of the area there is little or no evidence for this 
view, however, except as it may be derived from such considerations 
as the following. If in an en échelon series of scarps, several members 
are definitely known to reflect faults, there is a good chance that the tae: j 
other similar scarps of the series also reflect faults. Readers who are ' 
skeptical of structural interpretations of physiography may feel that 
this statistical argument helps. If not, they must discount any deduc- 
tions that may be drawn later from the writers’ belief that such scarps 
as the one north of Dominquez Hills, for example, reflect faults. 

The Newport-Inglewood structural belt adds to its other attrac- 
tions that of serving as epicenter for an occasional earthquake. The 
Inglewood earthquake of 1921 and the Long Beach earthquake of 
1933 are sufficiently recent to come readily to mind. Both quakes were 
| of sufficient intensity to cause damage in the densely populated areas 

they affected, and for each the epicenter lay below or a short distance 
southwest of the low hills of the Newport-Inglewood belt. These facts 
add weight to the hypothesis that the belt is structurally active and 
important. 

But where, exactly, is the Inglewood fault of popular conversa- 
tion? Is it, as the data in hand suggest, a mere hypothetical structure 
invented to account for the occurrence of earthquakes and of a line 

' of low, scarped hills trending across the plain of Los Angeles Basin? 
In spite of the frequency with which this fault has been mentioned 
' and even shown on published maps, its existence remains a hypoth- ae 
esis. Supposed to cross Baldwin Hills obliquely, and to lie along the Lita 
west foot of the hills farther south, it has not yet been demonstrated 
to do either. The oblique Baldwin Hills fault is probably no more than 
a prominent member of the en échelon series, as already stated; and 
the supposed course of the fault farther south—and farther to the 
north, for that matter—is in the opinion of the writers scarcely en- 

i titled to rank even as good hypothesis. 
In 1924 appeared two papers" which agreed in showing this course 
‘ for the fault, and also in inferring its existence from the en échelon 
arrangement of the domes. The minor faults were not mentioned, 
probably because adequate proof of their existence was not available 
at the time. The papers argued that the en échelon folds show the 
presence of a basement fracture along which shearing stresses have 


1 J. E. Eaton—paper cited in J. E. Eaton, of. cit. 
Ferguson and Willis, op. cit. 
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operated in geologically recent time. Since these papers appeared, 
other hypotheses have been invented™ to account for en échelon folds 
and fractures, but none of them seems to have been applied as yet 
to the interpretation of those of the Newport-Inglewood belt. Inas- 
much as the critical data needed to decide among hypotheses of this 
type are mostly lacking in any event, there is no present reason for 
trying to displace the older hypothesis by a modern alternative. It 
will be more interesting, instead, to assume for the moment the truth 
of the older hypothesis, and to notice what it seems to imply as to the 
location of the (hypothetical) basement fracture. 

The production of en échelon fractures in a tough stratum overly- 
ing a brittle one cut by shearing fractures is a well-known phenomenon 
that has been described and illustrated many times. Fath produced 
them experimentally in masses of modeling clay.* F. Lotze cites and 
illustrates an interesting case in which both small faults and folds 
were produced simultaneously and accidentally in wall paper covering 
the edge of a sagging door.™ A small-scale geological example, in 
which minor en échelon fractures were produced in a thin bed of tough 
calcareous material overlying brittle, sheared chert was described and 
illustrated a few years ago.® These cases all suggest that the Newport- 
Inglewood fault, if it exists, should lie not athwart the uplift or along 
its margin, but under its axial part. 

If relations of this kind are better proved by argument than by 
example, Figure 48 may be consulted. It is supposed to show that the 
shearing of the basement would produce stresses in the overlying sedi- 
mentary blanket that might be relieved in some places by puckering 
and in others by the development of short tears; and that the strike 
of the axes of puckering should be different from that of the tears; 
and further, that both puckers and tears take place directly above the 
basement shear.® 

If the Newport-Inglewood basement fault is assumed to underlie 
the axial part of the hills, what shall be said of the location of earth- 

% See, for example, A. Sieberg, “Zur Mechanik tektonischer Vorginge,” Zeitschrift 
der Deutschen Geologischen Gesellschaft (1932), p. 673. 


%3 A. E. Fath, “The Origin of the Faults, Anticlines, and Buried ‘Granite Ridge’ 
of the Northern Part of the Mid-Continent Oil and Gas Field,” U.S. Geol. Survey Prof. 
Paper 128-C (1920), Pl. XIII. 

F. Lotze, “Uber einige Faltungsprobleme,” Nachr. Ges. Wiss. Géttingen, Math.- 
Phys. Kl. (1931), p. 25. 

% R. D. Reed, “Small En Echelon Fractures in Santa Barbara County, California,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 3 (March, 1930), p. 320. 

% A similar interpretation of these features has been given by J. E. Eaton, “Long 
Beach, California, Earthquake of March 10, 1933,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 17, No. 6 (June, 1933), p. 732. 
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quake epicenters south and west of the hills? This apparent anomaly \ ; 
will be discussed later, after attention has been given to the relation % 


of the Inglewood belt to the structure of adjacent areas. a 
Many faults cut the Eocene (?) to Pliocene strata of the San Joa- 5 
quin Hills, but the one most likely to be the southeastward continua- Ths 
tion of the Newport-Inglewood belt lies for the most part offshore. % * 
A study of the geology of the hills has nevertheless revealed one fea- .s 

ture of interest in connection with it. This is the occurrence in the 
lower Middle Miocene of the great lenticular mass of San Onofre 
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Fic. 48.—Diagram to show possible puckers and tears developed in a continuous 
blanket of sedimentary rocks resting upon a sheared basement. In the first case, when sees 
the distance AB increases to A’B, a tear results; in the second case, when AB is Roe fi 
shortened to A’B, a pucker results. 


breccia discussed on earlier pages of this chapter. The importance of 
this breccia for present purposes lies in the suggestion it gives that the 
southeastern continuation of the Newport-Inglewood structural belt 
has been a locus of important movements since the Middle Miocene. 

Turning now to the northwestward continuation of the structural 
belt, we notice that it is not represented either as a fault or fold in the 
well-exposed rocks of the Santa Monica Mountains. At the south edge 
of the mountains the low hills of the Newport-Inglewood belt simply 
merge with the other foothills. The structures of the mountains strike 
in general east-west, and show very little effect of any diastrophic 
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events that may have occurred along the belt farther south. This fact 
serves as a warning against assuming that the belt overlies a fault of 
great lateral displacement, such as the San Andreas fault is generally 
supposed to be. Incipient shearing of the kind tentatively inferred 
above is no doubt a possibility, but great lateral displacement could 
be accounted for only with the aid of potent accessory hypotheses. 

An examination of the map of the Santa Monica Mountains 
suggests an idea deserving of consideration in connection with the 
problem of the nature and origin of the Newport-Inglewood structural 
belt. This idea is based on the observation that the belt is nearly in 
line with the most important basement contact in the mountains, that 
between the granite of the eastern end and the supposed Triassic 
slate that forms the basement in most places farther west. Perhaps 
the Newport-Inglewood belt marks the boundary between granitic 
and metamorphic basement along its entire course. That such a 
boundary might well be followed by an important line of faulting will 
be evident from the fact that parts of both the Nacimiento and San 
Andreas fault zones have been shown to follow similar boundaries. 
A consideration of all that is actually known about the distribution 
of different kinds of basement in and around the Los Angeles Basin 
leads to the conclusion that the hypothesis is possible and that it 
accounts for all the facts, but that it is not demonstrated by them. It 
has been used as a basis for our paleogeographic maps, but with the 
realization that it may be demolished by future discoveries in the 
deep central part of the basin. y 

If this hypothesis is adopted, the conclusion follows that the 
Newport-Inglewood anticline follows a basement boundary of the 
kind that has elsewhere been the locus of important movements dur- 
ing the Tertiary and perhaps longer. The surface anticline may thus 
be considered to overlie a basement fault. Pursuing the hypothesis 
farther, we may even infer the direction and degree of dip of this 
hypothetical fault. On these problems there are, in fact, two types of 
evidence, both, of course, delightfully speculative. First, if the fault 
is correctly inferred to be a fracture along a boundary which is a south- 
ward continuation of the slate-granite boundary of the Santa Monica 
Mountains, it may be expected to dip in the same direction as that 
contact, which is southwest. Second, the seismologic evidence sug- 
gests the same conclusion since, as previously noted, the epicenter of 
the Long Beach earthquake was determined as lying a short distance 
to the southwest of the surface manifestation of the structural belt. 


7H. W. Hoots, op. cit., Pl. 1. 
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If the focus was at a depth of approximately ten miles, moreover, as 
is considered seismologically possible, the dip of the fault plane may 
be computed as approximately 75 degrees. 

By way of summary, and of returning to earth from the specula- 
tive flight of the preceding paragraph, it may be said that in the blan- 
ket of Upper Miocene and later strata the Newport-Inglewood struc- 
ture is a domed, slightly faulted anticline; at a depth of several thou- 
sand feet it may be a granite-Franciscan contact that has been a locus 
of movement since the Middle Miocene and perhaps much longer. 
The more recent disturbances may have involved a slight shearing 
tendency which puckered the strata into small domes and fractured 
them with minor en échelon faults. The belt separates the western 
part of the Los Angeles Basin, which is topographically the El Segundo 
Plain and structurally a part of the Catalina uplift, from the eastern 
part, which is topographically the Downey Plain and structurally the 
landward apex of the Capistrano Tertiary embayment. 

The other structural features of the Los Angeles district must be 
passed over hurriedly. Northeast of the Downey Plain lies a series 
of folds, also more or less clearly reflected in the topography: Monte- 
bello, Santa Fe Springs, and West Coyote anticlines, and others far- 
ther east. In the Santa Ana foothills and San Joaquin Hills are numer- 
ous folds and faults, the strike of which is more nearly north-south. 
The chief characteristics of these structures may be learned from an 
inspection of Figure 42. 

The depth of the basement beneath the Downey Plain constitutes 
a problem about which many and divergent ideas have been expressed. 
On the basis of a geophysical investigation, Buwalda and Gutenberg 
have recently expressed the view® that it lies at a depth in excess of 
40,000 feet. If so, the post-Jurassic pre-Miocene strata that are miss- 
ing from the western part of the basin must be well represented in 
the area east of the Newport-Inglewood belt. Since there are no facts 
definitely opposed to this hypothesis, it has been adopted in drawing 
the accompanying paleogeographic maps and sections. 


STRUCTURAL HISTORY 


In Upper Cretaceous time the Los Angeles area is thought to have 
lain near the margin of the sea, but to have been completely flooded 
and to have become blanketed with sediments from 2,500 to 5,000 
feet or more thick. There was a period of folding at the end but the 
accompanying uplift must have been small, since Paleocene strata 


%8 J. P. Buwalda and Beno Gutenberg, paper read at 1935 meeting of Cordilleran 
Section of Geological Society of America, Stanford University, April, 1935. 
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are found both in the Santa Monica and Santa Ana mountains. There 
is, however, no reason to suppose that they were ever present in the 
Franciscan part of the region, which may have been strongly uplifted 
(Catalina uplift). 

Eocene strata are preserved in the Santa Ana Mountains and are 
presumed to underlie the greater part of the basin. They may once 
have covered the whole area, perhaps with the exception of the part 
underlain by Franciscan basement. 

The distribution and character of the red beds that furnish the 
only possible record of Oligocene deposition show that the Oligocene 
was certainly a period of sea-withdrawal, and perhaps of deep erosion 
over much of the area. During the Lower Miocene the sea flooded the 
San Joaquin Hills area and perhaps the deeper eastern part of the 
basin, but the area farther west was still undergoing erosion. During 
the Middle Miocene it seems likely that the sea flooded the entire 
area now occupied by the basin and the surrounding hills. The sedi- 
mentary rocks of this stage include thick bodies of sandstone (north 
edge of Santa Monica Mountains and Pasadena area), the San Onofre 
breccia (San Joaquin Hills), and siltstone and chert (Palos Verdes 
Hills). There is also a large amount of intrusive and extrusive volcanic 
material. The initiation of the Middle Miocene transgression was 
certainly attended by notable faulting in the San Joaquin Hills area 
and probably elsewhere. After a subsidence sufficient to allow the 
accumulation of several thousand feet of varied sediments, a new 
disturbance set in. The exact nature of the folds made at this time is 
not known, but one of them may have uplifted all that area west and 
southwest of the Newport-Inglewood line. Middle Miocene strata are 
now found north of the axis of the eastern Santa Monica Mountains 
and south of the axis of the Palos Verdes Hills. In the district between 
these axes, Upper Miocene strata lie on basement rocks (Fig. 44). In 
the Santa Monica Mountains, furthermore, the Upper Miocene is 
strongly discordant on the Middle Miocene. 

In the Los Angeles-Pasadena area, both Middle and Upper Mio- 
cene strata of generally coarse texture are present in great thickness 
and the contact between them is difficult to locate. In the Puente 
Hills, on the other hand, Upper Miocene strata lie locally on pre- 
Tertiary granite, and the Middle Miocene is known to be represented 
only in a small area in the southeast corner of the hills near Santa 
Ana Canyon. An overlap is thus demonstrated for this region and an 
unconformity is not unlikely. In the Santa Ana foothills, moreover, 
Upper Miocene lies on the older Miocene (Middle or Lower) with a 
discordance comparable to that of the Santa Monica Mountains. A 
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pre-Upper Miocene folding period is thus strongly suggested for a 
considerable part of the border of the Los Angeles Basin. 

The end of the Miocene was marked by a restriction of the sea, 
with probable folding and uplift of a part of the border area. In the 
basin itself, however, sedimentation continued with so little interrup- 
tion that the selection of the exact boundary between Miocene and 
Pliocene, in deep well cores for example, is a difficult task. 

During the Pliocene epoch the sea boundaries shifted several 
times. At one stage, the Middle Pico Bolivina robusta time, there was 
a regression of marked character northeast of the Newport-Inglewood 
belt. Though known from numerous wells, strata representing this 
stage crop out only in one small area in the whole Los Angeles district 
and that is near Santa Monica, west of Inglewood. This regressive 
epoch was followed by a time of relatively widespread seas in which 
clays, silts, and muddy sands accumulated. These were followed by 
several hundred feet of coarser Lower Pleistocene strata of varied 
lithology. The main phase of the Pasadenan folding then intervened, 
to be followed by the deposition of the thin and varied sediments, 
marine and nonmarine, of the Upper Pleistocene. 

The picture that emerges from a consideration of these and other 
facts is of a long series of uplifts, downwarps, faultings, foldings, with 
a continual shifting of folding axes and of centers of most rapid sink- 
ing. The Los Angeles Basin lies at the meeting place of several geo- 
logic provinces; it represents the place of maximum subsidence in an 
embayment which, like the embayments previously studied, shifted 
as it developed and was folded in different parts at different times. 
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CHAPTER X 


SUMMARY AND CONCLUSIONS 


The structural evolution of Southern California has involved the 
enactment of a long series of events upon a stage of ever-increasing 
complexity. The maps—particularly Figures 5 and 15, and Plate 1, 
or the successive paleogeographic maps, or Figures 2 and 6—show 
something of the increase in complexity of the stage. The varying 
movements and processes acting in the same place at different times, 
are less easy to show graphically. To some extent they become evident 
from an inspection of the columnar sections, but something else is 
desirable. Stille, Bubnoff and others have used diagrams for the pur- 
pose of displaying graphically the succession of events in different 
areas. Following their example, the writers offer Figures 49-57. 

In these diagrams the vertical columns denote periods of time, 
the width of the columns representing a rough approximation to the 
length of each period. Of the horizontal columns, “F’’ shows where 
the surface of the area in question lay at any time with respect to sea- 
level. If the area was above sea-level and was undergoing erosion, 
the curve runs above the zero line without hachures; if the area was 
above sea-level but was receiving deposits, the space between the 
curve and the zero-line is hachured. Great depths of water are indi- 
cated by dropping the curve below “1,000’,” and placing a plus sign 
in the downward loop. It scarcely needs to be said that the depths 
indicated are in most cases guesses without a very substantial founda- 
tion. 

In the second horizontal column, “Tr,” positive and negative 
transgressions are indicated by arrows, the negative transgressions 
(regressions) being shown by upward-pointing arrows. In the “Th” 
column, thicknesses are shown in thousands of feet; thus “1111” rep- 
resents 4,000 feet, and “rezx” represents 5,000 feet. In the-column 
marked “O,” the more important orogenic phases are indicated by 
three types of symbols, a wave symbol (well-authenticated folding 
episode), a zigzag (well-authenticated faulting episode), and a de- 
formed question mark (inadequately demonstrated or poorly dated 


orogeny). In column “V,” finally, the time of outbreak and something 


concerning the nature of volcanic activity are indicated; thus “t’”’ 
stands for tuffs, ‘‘a’”’ for andesites, “‘b’’ for basalt flows, and so forth. 

Diagrams of this kind, even when drawn with dotted lines and 
question marks in the more doubtful places, probably have a tendency 


1682 


| 
| 
| 
| 
| 
| 
4 | 
| 


SUMMARY AND CONCLUSIONS 1683 


KNOXVILLE 


Tuz 


MIOCENE 
~ 


PLIOCENE Q 


Fic. 49.—Geologic events in Coal Mine Canyon, Coalinga area. 
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Fic. 50.—Geologic events in Kettleman Hills, Coalinga area. 
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Fic. 51.—Geologic events in Caliente trough. 
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Fic. 52.—Axis of San Rafael uplift. 
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Fic. 53.—Santa Barbara Coast. 
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Fic. 54.—Ventura Basin. 
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to gloss over uncertainties and to present tentative interpretations too 
positively. They should therefore be considered merely as pictures, 
and reference should be made to the text for a discussion of the char- 
acter of the evidence upon which they are based. It would probably 
be better still if each interested reader could be persuaded to impress 
the uncertainties upon his mind by personally making one or more 
similar diagrams from the data found in this volume or elsewhere. 

A group of tectonic provinces undergoing incessant changes from 
the effects of a series of diastrophic events; basin development con- 
tinuing for ages until a new folding spasm grips the area and leads to 
uplift of some parts and to greater or less displacement of old basins 
or even to the initiation of new ones; continual shiftings of sea mar- 
gins with occasional culminations of sea advance or sea withdrawal; a 
continual increase of structural complexity, a steadily lessening aver- 
age area of subsiding basins, and at the last a great and sudden in- 
crease in the extent of land area and the average height above sea- 
level: such is the concept with which one emerges after a tectonic 
analysis like that carried out in the foregoing pages. What are the con- 
clusions to be drawn from it all? 

Structural geologists who read this far will wonder, in particular, 
where the writers propose to discuss the dynamic problems that bulk 
so large in most treatises similar to the present one. What is the nature 
of the forces that from time to time have deformed the crust of coastal 
California, and what their origin? Were the mountains warped up, 
thrust up, or elevated in some other way? To all such questions the 
writers must answer that they do not know. They must state further 
that in spite of their best efforts they do not yet know as definitely 
as they would like just what structural events happened from time to 
time and from place to place in the California province; and they 
may as well confess that they doubt the advisability of creating me- 
chanical hypotheses, except for mnemonic purposes, until the succes- 
sion of events to be explained has been well worked out. 

The role of mechanics in structural geology has been stressed by 
many geologists and its importance is too obvious to need discussion. 
For a preliminary study like the present one, however, its chief use 
in the opinion of the writers is to furnish a basis for the criteria needed 
for deducing the time-succession of tectonic events. They use me- 
chanical concepts in determining which side of a stratum was originally 
top or bottom, or which of two intersecting dikes is the younger; but 
not, in advance of the most thorough possible historical study, in 
deciding how a given mountain mass was raised. Even in approaching 
the end of their work, they can furnish little aid to those of their 
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Fic. 56.—West end of Los Angeles Basin. 
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Fic. 57.—East end of Los Angeles Basin. 


Fic. 55.—Santa Cruz Island. 
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readers who cannot rest content without knowing what kind of forces 
were at work in producing the complex series of structures that make 
Southern California so exciting an area in which to do geological 
work. About ali they can do for such readers at present is to acquaint 
them with the types of puzzle for which explanations are needed. 

Before proceeding to this modest summary of problems and phe- 
nomena it may be well to define a few terms that have been used in 
some of the foregoing pages with meanings possibly different from 
those assigned to them by some readers. 

Orogeny or orogenesis is the name applied to structure-transforming 
movements of episodic character. After a distinctly orogenic period 
the structure map of such a mobile area as the Coast Ranges should 
record some striking changes. 

Epeirogeny or epeirogenesis designates movements of secular char- 
acter that result in the warping of an area into broad uplifts and de- 
pressions, or in slow up-and-down movements of continental scale. 

Orogeny is never world-wide in the sense of notably affecting the 
structure of stable belts as well as of mobile belts. Whether or not it 
is world-wide in the sense that it simultaneously affects all mobile 
belts the world over is a problem of much interest and importance on 
which opinions differ widely. Obviously, if all mobile belts are so af- 
fected during even a great orogeny, we are in the presence of a “law” 
of first-rate importance to all who wish to understand—or explain— 
tectonic activity. An affirmative view has been taken by Stille,®® who 
summarizes at length the evidence from all parts of the world. His 
conclusions are accepted with some reservations by Bubnoff, Bucher 
and others, but are rejected or at least considered undemonstrated 
by some. Many of those who object do so for theoretical reasons, based 
commonly on undemonstrable beliefs concerning the cloudy mysteries 
of crustal mechanics. Others hold, with some justice, that the “law” 
is based on interregional correlations that are not always above suspi- 
cion. 

Between orogeny and epeirogeny Stille recognizes two transition 
cases: synepeirogenic and synorogenic movements. The former, 
though acting during epeirogenic periods, cause orogenic manifesta- 
tions in such highly mobile materials as salt or magma; the latter, 
though “epeirogenic” in intensity, act during orogenic periods in 
areas too stable to be strongly affected by orogenic movements of 
the intensity of those that happen to be active at the time. 

The area discussed in the foregoing pages is too small to throw 
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much light on problems concerning world movements, but has never- 
theless yielded results that may be of interest to those engaged in 
studying such large problems. In the first place, despite the small 
size of the area, it consists of provinces differing greatly from one 
another in mobility. Mohavia, Salinia, and Anacapia are all relatively 
stable, the latter being least so; compared to them the Northern and 
Central Franciscan areas are notably mobile, and probably the little 
known Southern area is so too. Thus, although they are not far apart, 
it is interesting to notice that the orogenic time-law seems to hold 
remarkably well for the provinces that are similar to one another in 
character of basement. Any disturbance that affected the Coalinga 
region is sure to be definitely recorded, in much the same way, in the 
Santa Ynez-San Rafael region. As our correlations become more 
trustworthy the correspondence in history between these and other 
pairs of like provinces becomes ever more striking. Thus the informa- 
tion available at present enables us to state a local orogenic time-law 
of our own: so far as the post-Franciscan history of Southern Califor- 
nia is concerned, tectonically comparable areas seem to have been 
similarly affected at all times by orogenic and epeirogenic forces. 

If the same geologist were able to study one after another several 
regions comparable in size and complexity to Southern California, 
and to work out for each of them a classification into tectonic belts 
and the sequence of tectonic events for each belt and for the region as 
a whole, he would then be able to decide whether or not our local oro- 
genic time-law can be generalized. If he found, for example, that the 
Caribbean-Antillean province and the Malay archipelago were 
strongly folded and metamorphosed—at least in the more mobile 
belts—near the end of the Jurassic, and that certain subprovinces 
began thereafter to subside to great depths; that they were locally 
invaded by the sea during the Lower Cretaceous and more broadly 
in the Upper; that they were strongly folded—again in certain belts— 
at the end of the Cretaceous; and that all through the Tertiary there 
was a succession of tectonic events comparable, belt for belt, with that 
elaborated on previous pages; he might eventually come to feel not 
only that the orogenic time-law is valid for the whole world, but also 
that Stille’s “canon of strand-shiftings” and similar generalizations 
are understatements rather than exaggerations. If the course of struc- 
tural evolution has actually varied greatly from place to place, on 
the other hand, such a study should make the fact obvious. 

Since adequate investigation of any such series of large areas by 
one man is hardly practical, no definite and final conclusion on these 
fascinating problems is likely to be possible for some time to come. 
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The writers have made casual studies of the material available to 
them about certain peri-Alpine districts in Europe and Asia, the 
Antillean-Caribbean region, and the East Indies, and have been im- 
pressed by some of the striking analogies in their history, but have not 
found the evidence complete enough to lead to definite conclusions. 
Perhaps geologists more familiar with those or other mobile regions 
may be able to carry the comparison farther and reach more satisfac- 
tory results. 

In this connection it may be pointed out that the areas which are 
called “uplifts” and “embayments” in the foregoing pages and which 
seem to have originated at the time of the Laramide disturbances 
near the end of the Cretaceous, have many analogies with the “‘oro- 
gens” and “foredeeps” of some European geologists; and that the 
Laramide folding, the peculiar two-phase mid-Miocene disturbances, 
and the Pasadenan folding seem to be the “orogenic” events most 
likely to be recognizable in other regions tectonically comparable to 
Southern California. The Middle Eocene and Middle Miocene trans- 
gressions were also widespread in California and might be expected 
to be similarly noteworthy in any other province with which Southern 
_ California might be comparable. In comparing the California succes- 
sion of tectonic events with those of other countries, due weight 
must of course be given to the probability that the Oligocene of other 
regions represents not only the Oligocene but also much of the Lower 
Miocene of California. 

The Middle Miocene transgression, initiated by faulting with 
rhyolitic and basaltic outbreaks and followed by folding with ande- 
sites, is particularly worthy of study. With it in mind as an example, 
one is led to ask if the history of vulcanism may also furnish a succes- 
sion of events more or less the same in widely separated parts of the 
world. The question has been raised before, at least by implication, 
and has commonly been answered in the negative without much hesi- 
tation by those who specialize in the occurrence of igneous rocks. 
Volcanoes now active erupt rocks of almost every type, we are told, 
and there is not much likelihood that in this respect the past has been 
different from the present. 

The statement is no doubt true, but does not fully answer the 
question. It seems to ignore the fact that in the past as in the present 
the crust of the earth has been divided into tectonic provinces of 
greater or less mobility. During periods of crustal compression or of 
crustal tension the stress conditions in provinces of different mobility 
might be notably different. During the post-Middle Miocene folding 
much of coastal California was strongly folded, while much of the 
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Canadian shield seems to have slept through the disturbance. No 

matter how closeiy vulcanism may be related to stress conditions, 

and no matter how nearly world-wide we assume crustal compres- | 
sions or tensions to have been in the past, there would be no reason 
to expect the same volcanic phenomena in regions so different in 
mobility as these two. If analogies exist they could only be found 
by comparing the volcanic succession for a given period of time in 
tectonically similar regions. 

It seemed at first that possibly something could be learned by 
finding out whether or not other great transgressions have been initi- 
ated to the accompaniment of widespread faulting and of outbreaks 
: of basalts and rhyolites, but the evidence is unfortunately not very 
ma conclusive. Faults are notably hard to date. Those in the Santa 
Monica Mountains and San Joaquin Hills have been considered old 
because many of them are accompanied in part of their courses by 
dikes of basalt, considered to be Miocene in age. Geologists who ob- 
jected to this view simply argued that these particular dikes are 
young, and this hypothesis for a long time seemed as satisfactory as 
the other. Volcanic rocks are also difficult to date, possibly because 
they are studied mostly by geologists who do not specialize in historical | 
geology. It is surprising to see how many different dates are given in 
authoritative treatises and textbooks for such an important series of 
volcanic rocks as the Deccan lavas of India or the basalts of Scotland. 
The former are sometimes said to begin in the Cenomanian, for 
example, which would make them contemporaneous with the great 
Upper Cretaceous transgression; but they are said by others, with 
equal firmness, to be Paleocene, which would make them contempo- 
raneous with the Laramide orogeny. Similarly the age of the Scottish 
lavas is either Eocene or Aquitanian, or something in between. So 
long as basaltic rocks are dated so loosely there is of course no chance 
to find out whether or not they have been erupted by preference at 
times of great transgressions. 

Thus the problem cannot be solved here and now, but is neverthe- 
less an important one for structural geology. If the relations that 
seem to hold in California are more than a coincidence, they would 
4 seem to favor such theories as those of Holmes and Joly, and to be op- 
posed to others of similar scope that are based on different assump- 

tions as to the state of the earth’s interior and the causes of its move- 
ments. Since all such theories are based on mechanical concepts con- 
sidered to be sound by those who hold them and unsound by those 
‘ who oppose them, there is a distinct possibility that the efforts of a 
mere historical geologist, who might find out what has actually hap- 
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pened at different times and places in the world, would be of some 
relevance even for this fundamental problem of tectonics. 

Another subject bearing on similar problems is that of the length 
of time required for orogenic disturbances. As already indicated, the 
Coast Range results suggest that the time may be very short, even as 
compared to the time represented by a faunal zone. This result is 
important if true, since it means that the existence of a considerable 
number of orogenic phases during the Tertiary is consistent with 
the hypothesis that orogeny is not a continuous process. It is also 
important for the reason that, the shorter an orogenic phase is sup- 
posed to be the more difficulty we shall have in demonstrating that 
the phases are actually world-wide. Perhaps we shall never be able 
to do so, for the reason that methods of correlation do not permit 
the ery fine synchronizations that would be required for such a 
demonstration. 

Some of the most interesting results of this study relate to the 
origin of thrust faults. Most of them, as explained already, seem to 
have originated under one or another of two sets of conditions. One 
set, including the Santa Ynez, Big Pine, and several other faults, 
developed along lines where a thick mass of sediments had been re- 
duced by erosion to a thin edge. The cross-sections of the Santa Ynez 
district (Fig. 35) illustrate the conditions. The other set, including 
most of those that border the great Tertiary embayments—particu- 
larly their apical parts—seems to have come into existence where 
basin development had caused a strong epeirogenic flexure in the 
early Tertiary formations surrounding the basins. The conditions 
are illustrated strikingly in the cross-sections of the Ventura Basin 
(Fig. 39 and others). In some cases the two sets of conditions seem 
to occur together. That is, the fault is found at the margin of a basin, 
and also at the thin edge of a thick series of strata that thin toward 
the basin. Perhaps with sufficient ingenuity in philosophical reasoning 
the conditions necessary to account for the faulting could all be 
generalized and reduced to a single set, but for the present it seems 
best to discuss only appearances and to admit that thrust faults have 
originated under two different sets of conditions. 

Although much has been written about the dominant direction 
of thrusting or of “release of pressure,” the data now in hand serve 
to indicate pretty clearly that no direction is dominant for any great 
distance. An inspection of Plate I or of any of the local structure maps 
accompanying this volume will make this condition sufficiently evi- 
dent. 

Upon the problem of fault-troughs of deposition and upon the 
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nature of the faulting that may have produced such troughs if they 
exist, our results are unfortunately meagre. It seems safe to say, as 
has been said more than once before, that if fault-troughs exist they 
are probably limited to thin-blanketed, relatively stable areas, such 
as some of those in granitic provinces. The problem of the existence 
of such troughs is a difficult one to investigate by the historical 
method, because the age and history of faults are difficult to deter- 
mine. Most of the large faults of California have been considered old 
by some geologists and young by others. Even if a fault is old but has 
been rejuvenated recently, the later movement tends to destroy the 
evidence for the earlier ones. In the case of the Whiterock fault at 
the southwest margin of the Caliente trough, the evidence available 
at present shows simply that the fault is post-Morales; that is, prob- 
ably, post-Pliocene. In any case it is a thrust fault with the north 
side upthrown. If an earlier fault existed here and by its movements 
permitted the Caliente trough to subside, it was a normal fault with 
the north side downthrown. This is not to say that the éxistence of 
the later thrust fault disproves the existence of the earlier normal 
fault, but merely that the later fault known by observation should 
not be mistaken for the earlier fault needed as the physical foundation 
for a theory. 


In conclusion, it may be worth mentioning again that this book 
represents primarily an effort to assemble some of the materials 
needed for theorizing about Coast Range structure. The theories pre- 
sented herein are merely samples. Every reader, it may be, will be 
inspired to invent better theories for himself, and will readily succeed. 
If so, he should realize that in so doing he is helping fulfill the purpose 
for which the book was written. 
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Nevadian orogeny, 1551, 1554, 1630 
Nevadian revolution, 1625 
New Idria, 1606 
Newhali district, Pliocene strata of, 1670 
Newport-Inglewood basement fault, 1676 
Newport-Inglewood structural belt, 1595, 
1660, 1671, 1673, 1675, 1678, 1680, 
1681 
belt a locus of important movements 
since Middle Miocene, 1677 
the boundary between granitic and 
metamorphic basement, 1678 
Newport-Inglewood structure, 1679 
Nomland, J. O., 1609 
Nonmarine Pliocene and Pleistocene, 
1638 
North Coalinga district, 1590 
North Dome of Kettleman Hills, 1601 
Northern area, Tertiary of, 1650 
Northern basin, 1610 
Northern California, 1554, 1594 
Northern Franciscan area, 1598, 1651 
Northern Franciscan Basin, 1557, 1599 
Northern Geosynclinal basin, 1554, 1630 
geology of parts of, 1616 
Northern Geosynclinal basin and Coal- 
inga district, 1598 
Northern Geosyncline, 1574, 1580, 1599, 
1611, 1630 


oO 


Oak Ridge, 1647 
Oak Ridge anticline, 1650 
Oakridge uplift, 1646 
in Ventura Basin, 1576 
Oakridge-Las Posas upland, 1650 
Oceanside, 1666 
Oil City, 1612, 1614 
Oil City region, 1613 
Ojai Valley, 1644 
Oligocene, 1574, 1604, 1612, 1614, 1616, 
1625, 1626, 1632, 1636, 1637, 1644, 
1654, 1658, 1664, 1668, 1689 
geology at end of, 1579 
Marine in Coalinga, 1576 
marine, in San Joaquin Valley, 1576 
Middle and Upper, 1574 
orogenic disturbances during, 1576 
Oligocene age, marine strata of, 1576 
of Coast Range strata, 1576 
Oligocene basins, 1574 
Oligocene basins and deposits, 1574 
Oligocene columnar sections, 1575 
Oligocene diastrophism in Coast Ranges, 


157 
Oligocene paleogeography, 1577 
Oligocene red beds, 1623, 1680 
Orange County, 1667 
Orchard Peak, 1601 
Orogenic, Miocene, phases, 1589 
Orogenic disturbances during Oligocene, 


1576 
Orogenic phases, Miocene, 1589 


Orogenic time-law, 1688 
Orogeny, 1687 
pre-Cretaceous, 1553 


P 


Pacific Ocean, 1663 

Pack, R. W., and English, W. A., 1599, 
1615 

Paleocene, 1557, 1559, 1616, 1625, 1663, 
6 


107 
Paleocene -_— and deposits, 1559 
Paleocene beds, 1620 
Paleocene conglomerate, 1628 
Paleocene paleogeography, 1562 
Paleocene strata, 1604, 1653 
Paleozoic, 1553, 1618, 1625 
Paleozoic schists of Salinia and Mohavia, 


1653 
Palomas Canyon fault, 1645 
Palos Verdes, 1660 
Palos Verdes Hills, 1658, 1661, 1663, 1664, 
1666, 1680 
outcrop of San Onofre breccia west side 
of, opp. 1666 
structure section from, to Santa Monica 
Mountains, 1665 
Panoche Hills, 1603, 1611 
Panorama Hills, 1625 
Parkfield, 1600 
Pasadena, 1664 
Pasadena area, 1680 
Pasadenan folding, 1681, 1689 
Pasadenan orogeny, 1648 
Paso Robles Basin, 1621, 1628 
Paso Robles deposits, 1594 
Paso Robles formation, 1628, 1638 
Pliocene or Pleistocene, 1623 
Pato red member, 1626 
Peninsular Range area, 1663 
Peninsular Ranges, 1547, 1557, 1617, 1660 
Peri-Alpine districts in Europe and Asia, 
1689 
Pico, 1670, 1674 
Lower, 1594, 1595, 1671 
Middle, 1595, 1671 
Middle, Bolivina robusta time, 1681 
Upper, 1595, 1671 
Pine Mountain Ridge, opp. 1644, 1650 
Piru, 1621, 1648 
Piru Creek, 1644 
Piru district, 1592 
Plates, list of, 1543 
Playa del Rey, 1662, 1665 
Playa del Rey oil field, 1661 
Pleasant Valley, 1599, 1601, 1614 
Pleasant Valley-Kettleman Plain low- 
land, 1599 
Plectrofrondicularia miocenica zone, 1580 
Pleistocene, 1596, 1610, 1615, 1616, 1620 
1629, 1632, 1658, 1671, 1674 
early, 1642 
late, 1610 


| 

« 

ef 
7 

5 
3 
. £ 


1700 STRUCTURAL EVOLUTION OF CALIFORNIA 


Lower, 1592, 1594, 1595, 1612-1614, 
1628, 1638, 1648, 1670, 1681 
Lower, and Pliocene, 1670 
Lower, and Pliocene basins and de- 
sits, 1592 
Middle, 1592, 1595, 1597, 1610 
Upper, 1595, 1628, 1638, 1681 
Pleistocene fossil beds, 1670 
Pliocene, 1592, 1594-1596, Opp. 1600, 
1607, 1609, 1610, 1612-1616, 1620, 
1628, 1637, 1638, 1658, 1659, 1667, 
1670, 1671, 1677, 1681, 1683 
late, 1642 
Lower, 1586, 1594, 1609, 1612, 1619, 
1638, 1644 
marine, 1628, 1644 
Middle and Lower, 1649 
nonmarine, 1629 
Upper, 1592, 1596, 1613, 1628, 1638, 
1648, 1649 
Pliocene and Lower Pleistocene, 1592, 


1670 
Pliocene and Pleistocene of Los Angeles 
Basin, 1671 
Pliocene basins, 1592, 1594 
Pliocene columnar sections, 1593 
Pliocene mammalian fossils, 1610 
Pliocene or Pleistocene Paso Robles for- 
mation, 1623 
Pliocene San Joaquin Valley sea, 1609 
Pliocene strata of San Fernando district, 


1670 

Pliocene-Lower Pleistocene paleogeog- 
raphy, 1591 

Pliocene-Lower Pleistocene succession, 
1671 

Pliocene-Lower Pleistocene time, disturb- 
ances within, 1594 

Pliocene-Pleistocene contact, 1610 

Point Firmin, 1666 

Point Mugu, 1657 

Pomona, 1664 

Portlandian, 1552 

Post-Cretaceous folding, 1644, 1670 

Post-Cretaceous orogeny, 1650 

Post-Eocene pre-Middle Miocene red 
beds, 1654 

Post-Franciscan, 1632 

Post-Franciscan history of Southern Cali- 
fornia, 1688 

Post-Franciscan Mesozoic Epeirogeny, 
1554 

Post-Franciscan pre-Knoxville_ orogeny, 


1554 
Post-Franciscan stage, 1551 
Post, Jurassic pre-Miocene strata, 1679 
Post-Jurassic transgressions, 1621 
Post-Knoxville erosion interval, 1611 
Post-Lower Miocene disturbances, 1597 
Post-Lower Pleistocene, 1643 
Post-Mariposa Nevadian orogeny, 1554 
Post-Middle Miocene, 1597 
Post-Miocene, 1612 


Post-Miocene folded series, 1648 

Post-Morales, 1692 

Post-Paieocene pre-Eocene folding, 1561 

Post-Paleocene time, 1616 

Post-Pasadenan time, 1596 

Post-Pleistocene (post-Upper San Pedro) 
disturbances, 1596 

Post-Pliocene age of Whiterock fault, 
1692 

Post-Ricardo gravels, 1620 

Post-Ricardo time, 1619 

Post-Rosamond, 1620 

Post-Sespe cross folds, 1592 

Post-Triassic, 1663 

Post-Upper San Pedro disturbances, 1596 

Post-Vaqueros, 1668 

Poway conglomerate, 1570 

Pre-Chico, 1663 

Pre-Cretaceous, 1661 

Pre-Cretaceous orogeny, 1553 

Pre-Eocene rocks, 1653 

Preface, 1533 

Pre-Franciscan stage, 1551 

Pre-Mesozoic formations, 1623 

Pre-Middle Miocene, 1618 

Pre-Middle Miocene disturbance, 1607 

Pre-Moreno Cretaceous, 1604 

Pre-Pleistocene beds, 1670 

Pre-Santa Margarita disconformity, 1590 

Pre-Tertiary basement rocks, 1619 

Pre-Tertiary formations, 1648 

Pre-Tertiary granite, 1680 

Pre-Upper Miocene diastrophism, 1615 

Pre-Upper Miocene folding period, 1681 

Priest Valley, 1609, 1611, 1612, 1634 

Priest Valley strait, 1592 

Puente formation, 1664 

Puente Hills, 1660-1662, 1664, 1680 

Pure Oil Company, 1617 

Purisima Hills, 1633 

Pyle, Howard, 1623 

Pyramid Hills anticline, 1613 


Q 
Quaternary, 1667, 1683 


R 


Rand, W. W., 1651 
Recent Ventura Basin, 1648 
Red beds, 1636, 1664 
Oligocene, 1680 
Upper Eocene, 1573 
Red beds facies, 1626 
Red Mountain, 1645 
Red Mountain fault, 1647 
Red Rock Canyon, 1619 
Redrock Canyon member, 1626 
Reed, R. D., 1536, 1548, 1554, 1582, 1615- 
1617, 1676 
Reef Ridge, 1601, 1604, 1605, 1608, 1614, 


1615 
Reef Ridge anticline, 1601 


] 
at 
j 
3 H 


INDEX 


Reef Ridge formation, 1605, 1609, 1612 
Reef Ridge shale, 1607 
Reef Ridge-Castle Mountain fold, 1613 
Refugian stage, 1637 
Repetto, 1595, 1644, 1658, 1671 
Upper, 1674 
Repetto Hills, 1595, 1660 
Ricardo, 1586 
basal, 1620 
Ricardo beds, 1619 
Rincon clay shale, 1637 
Rio Hondo, 1660 
Rocky Mountain region, 1559 
Rosamond series, 1618, 1619 


Sacramento, 1557 
Salinia, 1548, 1554, 1573, 1580, 1598, 
1616, 1620, 1621, 1630, 1631, 1650, 
1651, 1656 
a relatively stable area, 1688 
Caliente Mountain district and, 1621 
granite at, 1656 
Salinia and Mohavia, Paleozoic schists of, 
1653 
Salinian axis, 1625 
Salinas Valley, 1559, 1582, 1590 
San Andreas fault, 1599-1601, 1603, 
1621, 1622, 1625, opp. 1626, 1630, 
1631, 1678 
origin of, 1630 
San Bernardino, 1547 
San Bernardino Mountains, 1617, 1620 
San Bernardino Valley, 1661 
San Cayetano fault, 1645, 1647, 1648, 
1650 
San Clemente, 1658 
San Diego, 1557, 1570, 1663 
conglomerate at, 1573 
San Emigdio district, 1573, 1613 
San Fernando district, Pliocene strata of, 


1670 
San Fernando Valley, 1563, 1661 
San Francisco, 1533 
San Francisco areas, 1547 
San Francisco Bay region, 1547 
San Gabriel Mountains, 1617, 1620, 1661 
San Gabriel River, 1660 
San Gabriel Valley, 1661 
San Joaquin Basin, 1595 
San Joaquin clay formation, 1609, 1610 
San Joaquin embayment, 1570, 1599, 
1611, 1617, 1631 
San Joaquin Hills, 1660, 1662, 1664, 1666, 
1669, 1677, 1679, 1680 
faulting of, 1580, 1690 
geologic map of part of, 1667 
San Joaquin Valley, 1547, 1559, 1570, 
1573, 1574, 1592, 1594-1596, 1598, 
1601, 1610, 1613, 1616, 1617, 1620, 
1637 
marine Oligocene in, 1576 
San Joaquin Valley plain, 1599 


San José Hills, 1661, 1664 

San Juan Capistrano area, 1582 

San Luis Folio, 1533 

San Luis Quadrangle, 1547 

San Onofre breccia, 1586, 1654, 1660, 
16 


outcrop of, west side of Palos Verdes 
Hills, opp. 1666 
San Onofre conglomerate, 1668 
San Onofre detritus, 1668 
San Onofre facies, 1669 
San Marcos Pass, 1592, 1642 
San Miguel Island, 1651, 1652, 1654 
San Nicolas Island, 1658 
San Pedro beds, 1594-1596, 1670, 1671 
San Rafael axis, 1633, 1635 
San Rafael Mountain region, 1533, 1570, 


1573,1576 

San Rafael Mountains, 1621, opp. 1626, 
Opp. 1632, 1633, 1634, 1636, opp. 
1636, opp. 1644 

San Rafael uplift, 1559, 1561, 1572, 1574, 
1582, 1592, 1636-1638, 1642, 1644, 
1645, 1656, 1663, 1670 

geologic events in axis of, 1684 

Santa Ana Canyon, 1663, 1680 

Santa Ana foothills, 1679, 1680 

Santa Ana metamorphic rocks, 1661 

Santa Ana Mountains, 1547, 1552, 1557, 
1559, 1653, 1660-1664, 16: 

Santa Ana River, 1557, 1660 

Santa Barbara, 1594, 1635-1637, 1642, 


1658 
Santa Barbara channel, 1632, 1644, 1656 
Santa Barbara coast, 1592, 1638 
geologic events in, 1684 
Santa Barbara district, horizon of 
Vaqueros sandstone of, 1580 
Santa Barbara embayment, 1570, 1632, 
1650, 1651, 1657 
Santa Barbara formation, 1638, 1671 
Santa Barbara islands, 1582 
Santa Barbara Potrero, unconformity on 
Alamo Creek near, 1640 
Santa Catalina, 1658 
Santa Clara fault, 1645, 1647, 1650 
Santa Clara River, 1647 
Santa Clara River Valley, 1644 
Santa Cruz, 1652 
Santa Cruz area, 1547 
Santa Cruz Island, 1559, 1561, 1580, opp. 
1636, 1651-1653, 1653-1655, 1668 
geologic events in, 1686 
slate on, 1653 
Santa Fe Springs, 1662 
Santa Fe Springs anticline, 1679 
Santa Margarita, 1605, 1608, 1609, 1623, 
1626, 1628 
Santa Margarita formation, 1606 
Santa Margarita sands and conglom- 
erates, 1586 
Santa Maria, 1580, 1638 


7 
4 
; 
4 
3 
j 
: 


1702 STRUCTURAL EVOLUTION OF CALIFORNIA 


Santa Maria district, 1590, 1595, 1634 
Santa Maria lowland, 1632, 1636, 1638 
Santa Maria River, 1640 
Santa Maria Valley, 1592, 1638 
Santa Monica, 1681 
Santa Monica Mouatains, 1552, 1554, 
1557, 1563, 1580, 1582, 1590, 
1651-1656, 1660, 1661, 1663, 1664, 
1666, 1669, 1677, 1678, 1680 
faults of, 1690 
horizon of profound discordance of, 


1580 
structure section from Palos Verdes 

Hills to, 1665 

Santa Rosa, 1652 

Santa Rosa fault, 1656 

Santa Rosa Island, 1580, 1651, 1654, 1656 

Santa Susana fault, 1645, 1647, 1650 

Santa Ynez, 1632, 1638 

Santa a and San Rafael mountains, 


Santa 7 fault, 1592, 1613, 1633, 1640- 
1643, 1645, 1647, 1650, 1691 
Santa Ynez Mountain region, 1638, 1643 
Santa Ynez Mountains, 1592, 1632, 1634, 
1636, opp. 1636, 1637, 1640, 1642, 
1644, 1656, 1663 
Sespe formation in, 1576 
Santa Ynez Range, 1543 
Santa Ynez River, 1561, 1634, 1640 
Santa Ynez Valley, 1573 
Santa Ynez-San Rafael region, 1688 
Santa Ynez-Santa Barbara district, 1632, 
1641 
columnar sections of, 1635 
map of, 1633 
structure sections across, 1639 
Saugus, 1621, 1649, 1650 
Saugus deposits, 1594 
Saugus district, 1648 
Saugus formation, 1638, 1648 
Saugus-Newhall district, 1620 
Schenck, H. G., 1535, 1574 
Schenck, H. G., and Kleinpell, R. M., 
1576, 1637 
Scottish lavas, 1690 
Seal Beach, 1662, 1673 
Seal Beach field, north-south structure 
section across western part of, 1674 
Seal Beach oil field and vicinity, sketch 
map of, 1672 
Seal Beach-Alamitos oil field, 1673 
Searles Lake district, 1618, 1619 
Sedimentary Blanket, 1648 
Selover oil sand, 1674 
Senonian, 1557 
Serpentine “‘blue band,” 1613, 1615 
Serpentine detritus, 1605, 1606 
Sespe, Lower, mammals, 1573 
of Ventura Basin, 1575 
Sespe brownstone, opp. 1600 
Sespe Creek, opp. 1600, 1648 


Sespe formation, 1574, 1576, 1592, 1626, 
1636, 1642, 1644, 1649, 1670 
Sespe red beds, 1626, 1636, 1642 
Sespe strata east and west of Los Angeles 
Basin, 1576 
Seymour, D. B., 1535, 1652 
Seymour, D. B., and Moody, Graham, 
1651 
Shear in Reneness underlying blanket of 
ew rocks, 1677 
Sieberg, A., 1676 
Sierra Blanca limestone, 1565, 1572, 
1637, Opp. 1644 
Sierra Blanca limestone time, 1670 
Sierra Blanca ridge, opp. 1636, opp. 1644 
Sierra Madre, 1634 
Sierra Nevada, 1547, 1554, 1590, 1598, 
1617, 1618, 1620 
granite of, 1663 
Sierra Nevada peneplain, 1617 
Signal Hill, 1596 
Simi Hills, 1557, 1561, 1647, 1650 
red beds in 1573 
Simi Valley, 1559, 1561, 1563, 1573, 
‘ 1574, 1647 
Simpson, E. C., 1620 
Simpson, G. G., 1589 
Siphogenerina hughesi zone, 1580 
Sisquoc River, opp. 1632, 1634, opp. 1636, 


1639 
Soda Lake, 1626, opp. 1626 
South dome of Kettleman Hills, 1601 
South Mountain, 1644 
Southern Basin, 1663 
Southern California, 1533 
map showing topographic and struc- 
tural features, opp. 1529 
structural history of, 1551 
summary and conclusions on structural 
evolution of, 1682 
Southern California coast, 1596 
Southern California Guidebook of the 
Geological Congress, 
1933, I 
Southern en shelf, 1651 
Southern Franciscan Basin, 1663 
Southern Geosynclinal Basin, stratig- 
raphy of, 1658 
Southern Geosynclinal Basin and Los 
Angeles Basin, 1658 
Southern Geosyncline, 1554, 1561, 1663 
Stanford University, 1533 
State Mining Bureau, 1533 
Steineke, Max, 1623 
Stewart, Ralph B., 1559 
Stille, Hans, 1535, 1595, 1682, 1687 
Stock, Chester, 1563, 157 
Stock, Chester, and Bode, Francis D., 


1574 
Stratigraphy, 1644, 1651, 1661 
Santa Ynez-Santa Barbara area, 1634 
of Southern Geosynclinal Basin, 1658 


tip. 
> 
* 
if 
q 
a 
fix | 
4 


INDEX 1703 


Structural history of Southern California 
1551, 1679 

Structure, 1638, 1648, 1656 

Subsidence in Caliente trough, 1578 

Sulphur Mountain, 1644 

Summary on Anacapia, 1656 

on Caliente Mountain region, 1628 

Summary and conclusions on structural 

evolution of Southern California, 


1682 
Sutherland, J. C., 1559 


Tables, list of, 1545 

Taff, J. A., 1603, 1611 

Taliaferro, N. L., 1535 

Tectonic map, folded insert facing, 1692 
Tectonic Provinces, 1549 

Tehachapi Mountains, 1618 

Tejon, 1565, 1570 

Tejon Quadrangle, 1620, 1621, 1640, 1646 
Tejon Ranch, 1563 

Tejon series, 1563 

Temblor clay shale, 1637 

Temblor fauna, 1597 

Temblor formation, 1605, 1668 

Temblor fossils, 1606, 1668 

Temblor Range, 1580, 1625, opp. 1626, 


1630 
Temblor reef beds, 1610 
Temblor sandstone, 1666 
Tertiary, 1559, 1586, 1589, 1590, 1592, 
1597; 1599, 1603, 1604, 1610, 1617, 
1620, 1623, 1628, 1631, 1632, 1636, 
1648, 1649, 1660, 1661, 1664, 1669, 
1671, 1678, 1688, 1691 
early, drainage system, 1589 
geologic provinces of, 1560 
geology at beginning of, 1558 
marine, 1548 
of Centra] Geosynclinal area, 1650 
of Northern area, 1650 
recurrent fault movement during, 1620 
vulcanism in California during, 1669 
Tertiary columnar sections of Coalinga 
district, 1602 
Tertiary deposits, 1582 
Tertiary embayments, 1691 
Tertiary faulting, 1630 
Tertiary period, 1561 
Tertiary section, 1612 
Tertiary transgressions, 1632 
Texas Company, 1536, 1666, 1670 
Timms Point, 1594, 1670 
Tolman, F. B., 1561, 1563 
Topanga, 1590 
Topanga Canyon, 1654 
Topatopa Mountain, 1650 
Torrance, 1665 
Torrance oil field, 1661 
sand, 1570 
ransverse Ranges, 1547, 1650, 1656 
Trask, John B., 


Triassic, 1552, 1554, 1651, 1661, 1663 
Triassic fossils, 1653 

Tulare deposits, 1594 

Tulare formation, 1610, 1614, 1638 
Tumey formation, 1612 


U 

Uinta, Upper, 1563 

Uinta mammalian fossils, 1574 

United States Geological Survey, 1533, 
1547, 1599, 1606, 1620, 1671 

University of California, 1533 

Upper and Middle Oligocene, 1574 

Upper Cretaceous, 1557, 1598, 1603, 1611, 
1613, 1616, 1625, 1636, 1641, 1650, 
1653, 1660, 1663, 1670, 1679, 1688 

Upper Cretaceous paleogeography, 1556 

Upper Cretaceous transgressions, 1690 

Upper Eocene, 1565, 1570, 1572, 1573, 
1612, 1625, opp. 1644 

climate of, 1573 

Upper Eocene age of lower part of Sespe 
formation, 1576 

Upper Eocene mammalian fossils, 1574 

Upper Eocene red beds, 1573 

Upper Jurassic, 1603, 1625, 1653, 1663 

Upper Llajas beds, 1565 

Upper Lower Miocene, 1668 

Upper Martinez, 1565 

Upper Middle Miocene, 1628 

Upper Miocene, 1580, 1582, 1586, 1590, 
1592, 1601, 1605, 1607, 1609, 1612, 
1614, 1619, 1628, 1629, 1637, 1644, 
1654, 1658, 1664, 1666, 1679, 1680 

Eocene strata overlying, 1642 
Upper Miocene facies, 1588 
Upper Miocene intraformational breccia, 


1645 
Upper Miocene paleogeography, 1587 
Upper Miocene structure, 1641 
Upper Pico, 1595, 1671 
Upper Pleistocene, 1595, 1628, 1638, 1681 
Upper Pliocene, 1592, 1596, 1613, 1628, 
1638, 1648, 1649 
Upper San Pedro, 1595, 1638, 1670 
Upper Santa Susana beds, 1565 
Upper Uinta, 1563 
Upper Variegated shale, 1607, 1608 
Uvigerina cocoaensis beds, 1574 
Uvigerina peregrina zone, 1671 
Uvigerinella obesa zone, 1580 


¥ 


Valvulineria beds, 1582 

Valvulineria californica fauna, 1607 

Valvulineria californica shale, 1666 

Valvulineria californica time, 1607 

Valvulineria californica zone, 1580, 1668 

Vaqueros formation, 1606, 1626, 1637, 
1642, 1668 

Vaqueros fossils, 1606, 1637 

Ventura, 1637, 1644 

Ventura anticline, 1596, 1643, 1645, 1647 


; 
: 
ag 
bes 
4 
re, 
; 


1704 


Ventura Avenue oil field, 1643 
Ventura Basin, 1580, 1594, 1595, 1621, 
1632, 1638, 1640, 1644, 1650, 1656, 
1671, 1691 
ancestral, 157 
columnar sections of, 1646 
geologic events in, 1684 
map of, 1645 
Oakridge uplift in, 1576 
Recent, 1648 
red beds in, 1576 
section across, showing conditions be- 
fore Middle Pleistocene folding, 
1649 
Sespe of, 1575 
structure sections across, 1647 
subsidence of, 1571 
Verdugo Hills, 1661 
von Bubnoff, S., 1535, 1553, 1682 
Vulcanism in California during Tertiary, 
1669 


STRUCTURAL EVOLUTION OF CALIFORNIA 


WwW 


Wagonwheel Mountain section, 1605 
Waltham Canyon fault zone, 1615 
Waltham Creek, 1601 
Waltham Valley, 1601 
Watts Quadrangle, 1672 
West Coyote anticline, 1679 
White Creek Valley, 1599 
Whiterock fault, 1629 

st-Pliocene age of, 1692 

iterock marine member, 1626 
Whitney survey, 1533 
Woodford, A. O., 1660, 1661, 1666, 1669 
Woodford, A. O., and Bailey, T. L., 1666 
Woodring, W. P., 1596 
Woodring, W. P., Bramlette, M. N., and 
Kleinpell, R. M., 1666 


Yosemite Valley, 1617 


jen 
| 
3 
‘ 
a 
a 
& 
: 
a 
ij 
= 


INDEX TO VOLUME 20 


Abstracts of Pacific Section Papers. The Association Round Table . .  . 1519 
of San Antonio Section Papers. The Association Round Table. . 1§13 
Accumulation, Stratigraphic versus Structural. By A.I. Levorsen . . 521 
Adams, John Emery. Oil Pool of Open Reservoir Type. 780 
Age and Correlation of Schist-bearing Clastics, Venice and Del Rey Fields, 
California. By William H. Corey 150 
Age of Roig ig “Ridgetop Shale’’ of Central Tennessee. By Charles W. 
Wilson, Jr., and E. L. Spain, Jr. 805 
American Association of Petroleum Geologists, Constitution and By-Laws . 666 
Membership List . 343, 1263 
—~—, Petroleum Geology and The. By A. Irving Levorsen . 387 
—— Twenty- First Annual Meeting . 114, 236, 622 
———., Twenty-Second Annual oe Los ‘Angeles, March 17, 18, 19, 1937; 
Announcement of. 


American Institute of Mining and Metallurgical Engineers, Petroleum Division. 
Petroleum Development and Technology, 1935. Review by E. E. Stephen- 
son . . 228 
American Oil, Rise of. By Leonard M. Fanning. Review by. H. B. Goodrich | 11 30 
American Petroleum Institute, A re Committee of the. Petroleum Produc- 


Anacapia, California. 1651 
Anderson, D. Quentin, and ZoBell, Claude E. Vertical Distribution of Bacteria 

in Marine Sediments . 
Andrau, E. W. K., and Deussen, Alexander. Orange, Texas, Oil Field 531 
Antillean-Caribbean Region, Historical Geology of the. By Charles Schuchert. 

Review by Charles Lawrence Baker . 496 
—_ constitution géologique des. By L. Barrabé. Review by Ralph D. 

ee 1497 
Apparent Dip in Vertical Section not Perpendicular to Strike, Nomographic 
Solution for. Geological Note by Curtis H. Johnson 816 


a of Geology, Report of Committee on. By Frank R. Clark, chair- 


Arbuckle and Ouachita Mountains, Tectonics in. Discussion by James H. 
Gardner... 1127 

Arbuckle Sa Exposed on Highway 77, Murray County, Oklahoma, 
Position of Cambrian-Ordovician Boundary in Section of. Discussion by 


Josiah Bridge g8o 
Arkansas, Northern, Zinc and Lead Deposits of. By Edwin T. McKnight. Re- 

view by Hugh D. Miser. 322 
Arkansas and Oklahoma, Ouachita Boulder Problem. Geological Note by Wil- 

liam Kramer, Philip B. King, and Hugh D. Miser : 479 

» Some Tentative Correlations on the Basis of Graptolites of. By Charles 

E. Decker 301 
Coal Basin, Stratigraphy of. ‘By T. A. Hendricks, C. H. 

Dane, and M. M. Knechtel ; . « ee 
“Art is Long and Time is Fleeting.” By Harry R. Johnson. ‘Abstract =... 520 
Association Committees . 117, 238, 334, 511, 665, 840, 995, 1148, 1269, 1383, 1522 
Association Meetings . , . 114, 236, 622, 1382, 1511, 1513, 1519 
Association Research Committee . 612 


Association Round Table, The 113, 233, 332 5 509, 621 , 839, 994; 1146, 1262, 1382, 1510 
At Home and Abroad . . 120, 242, 383, 516, 673, 845, 999, 1153, 1274, 1385, 1523 


— Vertical Distribution of; in Marine Sediments. By Claude E. ZoBell 
D. Quentin Anderson . 258 
ellie: Charles Lawrence. Review of Historical Geology of the Antillean-Carib- 
bean Region, by Charles Schuchert ._. 


1705 


q 
. 


1706 INDEX TO VOLUME 20 


Balcones System in Central Texas, Evidence of Recent Movements Along Faults 

Balk, Robert. Structure Elements of Domes . 

Ballot Committee, Reportof .. 

Barker, Reginald Wright. Micropaleontology i in Mexico with Special Reference 
to the Tampico Embayment 

Barrabé, L. La constitution géologique des ‘Antilles. Review by Ral . D. Reed . 

Barragy, E. J., Furnish, W. M. and Miller, A. K. Ordovician Fossils from Upper 
Part of Type Section of Deadwood Formation, South Dakota . 

Barton, Donald C. Late Recent History of Céte Blanche Salt Dome, St. Mary 
Parish, Louisiana . ; 

_ Report of Representative to National Research Council 

———. Report of Research Committee 

———. Research Committee at Los Angeles, March, 1937 . im 

————. Review of Ferdinand Roemer in Texas. 

———. Review of Fortschritte der Olgeologie (Progress of Oil Geology), by Karl 
Krejci- Graf . 

. Review of Notiuni de Geologia Zacamintelor de Sare (Notes on the 

Geologic Accumulation of Salt), by I. P. Voitesti . 

Review of Recent Geophysical Abstracts of the Seismos Geophysical 

Company 

. Review of Reports on the Geology of Cameron and Vermilion Parishes, 
by Henry V. Howe, Richard J. Russell, James H. McGuirt, Ben C. Craft, 
and Morton B. Stephenson ; 

Barton, Donald C., et al. Examples of Migration of Petroleum . 

Bass, N.W. , and Leatherock, Constance. Chattanooga Shale in Osage County, 
Oklahoma, and Adj jacent Areas . 

Berry, Edward W. Geology of Callixylon, Appreciation of David White. The 
Association Round Table. 

Biographical Sketches of Recently Elected Honorary Members. By Clarice B. 
Strachan. The Association Round Table . 

Bitumens and Geology of the Dead Sea Area, Palestine and Transjordan. By 
Frederick G. Clapp 

Bluejacket Correlation of. Geological Note by C. H. 
Dane and T. A. Hendricks . 

Bode, Francis D. Geology of Eastern Half of San Joaquin Hills, Orange County, 
California. Abstract. 

Border Province of Mexico Adj jacent to West Texas, Paleogeography of Parts of. 
By Lewis B. Kellum . 

Border Province of Northeastern Mexico “Adjacent to Zapata and Starr Coun- 
ties, Texas, Structural Geology of. By William G. Kane ‘ 

Boundary Faults, Geosynclinal. By W. A. Ver Wiebe . 

Brace, O. L. Hardin Dome, Liberty County, Texas. Geological Note. 

Bramlette, M.N. , Woodring, W. P., and Kleinpell, R. M. Miocene Stratigraphy 
and Paleontology of Palos Verdes Hills, California ‘ 3 

Brantly, John Edward. Rotary Drilling Handbook. Review by C. V. Millikan 

Brauchli, R. W. Review of Erdél, by K. Krejci-Graf 

Brazil, Southern, Gondwana Rocks and Geology of Petroleum of. Discussion by 
Victor Oppenheim i 

, Southern, Petroleum Geology of Gondwana Rocks of. Discussion by 
Arthur Wade 

Brazil, Uruguay, and Paraguay. Geology of Devonian Area of Parané Basin in. 
By Victor Oppenheim . 

Bridge, , Josiah. Position of Cambrian-Ordovician Boundary i in Section of Ar- 

uckle Limestone Exposed on Highway 77, Murray County, Oklahoma. 

Discussion. 

Origins of Petroleums; Chemical and Geochemical As- 


and Snider, L. C. Probable Petroleum Shortage in the 
United States, and Methods for Its Alleviation’. 

Brown, Ira Otho. Review of Die Gebirgsumrahmung des Nordamerikanischen 
Kontinents (The Framework of th 
Rudolph Schottenloher 


e North American 


829 


1357 
5! 
433 
14907 
1329 
179 
661 
655 
1380 
a 1376 
837 
108 
109 
| 
838 
612 | 
628 
1265 
881 | 
312 
| 1519 
417 
403 
gio 
* 1122 
125 
1498 
1504 
819 
9384 
1208 
280 
4 | 


INDEX TO VOLUME 20 


Brown, Levi S., and Russell, Richard Joel. Climatology of Brown’s Hypothesis 
on Origin of Gulf Border Salt Deposits. Discussion . 

Brown’s Hypothesis of Gulf Border Salt — Climatology of. Discussion by 
Richard Joel Russell and Levi S. Brown . 

Bryan, Frank. Evidence of Recent Movements Along Faults of Balcones Sys- 
tem in Central Texas . 

Buck, E. O., and Michaux, Jr. i Frank W. Conroe Oil Field, Montgomery 
County, "Texas 

Burkville Beds, Potamides Matsoni Zone of Texas. Geological Note by Alva C. 

llisor . 
Butcher, Cary P. Memorial of Wilson Keyes ; 


Caliente Mountain District and Salinia . 

California, Age and Correlation of Schist- bearing Clastics in Venice and Del 
Rey Fields. By William H. Corey 

, Anacapia . 

’ Distribution of Eocene Rocks in Santa Lucia Mountains. Geological 

Note by C. Lathrop Herold 

, Miocene Stratigraphy and Paleontology of Palos Verdes Hills. By W. P. 

Woodring, M. N. Bramlette and R. M. Kleinpell 

, Proportion of Organic Matter Converted into Oil i in Santa Fe Springs 

Fields. By Parker D. Trask 
, Recent Discoveries and Present Oil Supply i in. By Harold W. Hoots . 

San Rafael and Santa Ynez Mountains. ‘ 

’ Southern, Structural Evolution of. By R. D. Reed and Pa S. Hollister 

” Southern, S ummary and Conclusions on Structural Evolution of 

, Southern Geosynclinal Basin and Los Angeles Basin 

’ Ventura Basin 

Cambrian-Ordovician Boundary, Position of, in Section of Arbuckle Limestone 
— on Highway 77, Murray County, Oklahoma. Discussion by Josiah 


Bridge 

Cap Rock ‘oul Salt Overhang of ‘High Island Dome, Galveston County, Texas, 
Geology and Geophysics showing. By Michel T. Halbouty —* 

Carbon Ratios North of the Ouachitas. Discussion by D. Jerome Fisher . 

Carboniferous Rocks at Jackson, Mississippi. Discussion by Watson H. Monroe 

Caudill, Samuel Jefferson. Memorial by Lucian Walker 

Central Texas, Evidence of Recent Movements Along Faults of Balcones Sys- 
tem in. By Frank Bryan . 

— and West-Central Oklahoma, Permian and dd Pennsylvanian | Sediments 

xposed in. By Darsie A. Green 

Central G Basin 

Champion, Oscar. Stratigraphy and Structure of Pearsall Field, Frio County, 
Texas. Abstract . 

Chattanooga Shale in Osage County, Oklahoma, a and Adjacent A Areas. and ‘Con- 
stance Leatherock and N. W. Bass . 

Cheney, M. G. Migration of Oil. Abstract 

Clapp, Frederick G. Geology and Bitumens of the Dead Sea Area, Palestine and 
Transjordan . 

Clark, Bruce L. Migration of Oil Along Fault Zones. Abstract . 

Clark, Frank R. Report of Committee on Applications of Geology 

Clay Creek Salt Dome, Washington County, Texas. By William Boyd Ferguson 
and Joseph W. Minton 

Climatology of Brown’s Hypothesis on Origin of Gulf Border Salt Deposits. 
Discussion by Richard Joel Russell and Levi S. Brown 

Coal Petrography, Textbook of. Lehrbuch der Kohlenpetrographie. By Erich 
Stach. Review by Taisia Stadnichenko . 

Coalinga District and Northern Geosynclinal Basin 

Collins, Melvin J. Memorial by Robert Durward and Kenneth Willson ‘ 

Colorado, Dawson and Laramie Formations in Southeastern Part of Denver 
Basin. By C. H. Dane and W.G. Pierce. _.. 

Comite de Organisation, International Congress of Mines, Metallurgy, and 
Applied Geology, Paris, October, 1935. Review 7 W. P. — 

Condit, D. Dale. Memorial of L.G. Putnam... 


1707 


821 
821 
1357 
736 


494 
1272 


1621 


150 
1651 


491 


125 


245 

939 
1632 
1529 
1682 
1658 
1644 


| 
| ‘ 

| 
560 

| 102 
106 
118 
1357 
1454 
1632 
1514 
1514 | 
881 
1520 
68 
821 
830 
1598 
841 

1308 
318 

996 

| 


1708 INDEX TO VOLUME 20 


Condit, D. Dale, Raggatt, H. G., and Rudd, Eric A. Geology of Northwest 


Basin, Western Australia 1028 
Congo Basin, Evolution of the. By A. C. Veatch. Review by Ralph D. Reed. 226 
Connate Water in Oil Sands. By Howard C. Pyle. Abstract 1520 
Conrad, Timothy Abbott, with Particular Reference to His W: ork in Alabama 

One Hundred Years Ago. By Harry Edgar Wheeler. Review by Katherine 

V. W. Palmer : 321 
Conroe Oil Field, Montgomery County, Texas. By Frank W. M ichaux, Jr. and 

E. O. Buck 736 

. Discussion by Donald W. Gravell and Marcus A. Hanna 985 
Constitution and By-Laws . 666 
Continental Spreading, New Theory of. Discussion by Arthur Wade. 317 
Corey, William H. Age and Correlation of Schist-bearing Clastics, Venice and 

Del Rey Fields, California . 150 
Corpus Christi Structural Basin Postulated from Salinity Data. Discussion by 

W. Armstrong Price. 315 
Correlation in Oklahoma, Use of Insoluble Residues for. By Hubert Andrew 

Ireland . 1086 

of Bluejacket Sandstone, Oklahoma. Geological Note by C. H. Dane 

and T. A. Hendricks . 312 
Correlation of Claiborne of Southwest Texas with East Texas Section. By H.B. 

Stenzel. Abstract . 1513 
Correlation and Age of Schist-bearing Clastics, Venice and Del Rey Fields, 

California. By William H. Corey 150 
Correlations, Some Tentative, on the Basis of Graptolites of Oklahoma and 

Arkansas. By Charles E. Decker 301 

, Table of Tentative Lower Paleozoic, on Basis of Graptolites. Geological 

Note by Charles E. Decker ; 1252 
Cortes, Henry C. Memorial of Russell Fossler Ryan , 240 
Céte Blanche Salt Dome, St. Mary Parish, Louisiana, Late Recent History of. 

By Donald C. Barton . 179 
Craft, Ben C., Howe, Henry V., Russell, Richard J. McGuirt, James H., and 

Stephenson, Morton B. Reports on the Geology of Cameron and Vermilion 

Parishes. Review by Donald C. Barton . 838 
Cram, Ira H., Chairman, Report of Committee on Geologic Names and Correla- 

tions 115, 654 
Croneis, Carey, and Krumbein, William C. Down to Earth. An Introduction to 

Geology. Review by L. C. Snider 1131 
— C. H., and Hendricks, T. A. Correlation of Bluejacket Sandstone, Okla- 

homa. Geological Note 312 
Dane, C. H., and Pierce, W. G. Dawson and Laramie Formations in South- 

eastern Part of Denver Basin, Colorado . 1308 
Dane, C. H., Hendricks, T. A. ,and Knechtel, M. M. Stratigraphy of Arkansas- 

Oklahoma Coal Basin. . 1342 
David, Max W., and Howard, W. V. Development ‘of Porosity i in Limestones . 1389 
Davies, A. Morley. Tertiary Faunas. Vol. I. Review by Alva C. Ellisor . 505 
Dawson and Laramie Formations in Southeastern Part of Denver Basin, Colo- 

rado. By C. H. Dane and W. G. Pierce 1308 
Dead Sea Area, Palestine and Transjordan, Geology and Bitumens of. By 

Frederick G. Clapp. 881 
Deadwood Formation, South Dakota, Ordovician Fossils from Upper Part of 

Type Section of. By W. M. Furnish, E. J. Barragy, and A. K. Miller 1329 
Decker, Charles E. Review of Invertebrate Paleontology, by William H. Twen- 

hofel and Robert R. Shrock 228 

. Some Tentative Correlations on the Basis of Graptolites of Oklahoma 

and Arkansas ‘ 301 

. Table of Tentative Lower Paleozoic Correlations on Basis of Grapto- 

lites. Geological Note 1252 
Del Rey and Venice Fields, California, Age and Correlation of ‘Schist-bearing 

Clastics. By William H. Corey . 150 


Denver Basin, Colorado, Dawson and Laramie Formations in Southeastern 
Part of. By C. H. Dane and W. G. Pierce grok Ay 


| 
4 
el 
1308 


INDEX TO VOLUME 20 1709 


Deussen, Alexander, and Andrau, E. W. K. Orange, Texas, Oil Field , 531 

Development and Production, East Texas District, Geological Note by Wailace 
Ralston . 

Devonian Area of Paran4 Basin in Brazil, ‘Uruguay, and | Paraguay, Geology of. 


By Victor Oppenheim . < . 1208 
Diastrophic History of Southern California. 1551 
Dip, Apparent, in Vertical Section not Perpendicular to Strike, Nomographic 

Solution for. Geological Note by Curtis H. Johnson. 816 

, True, Graphic Method for sapenemtieail from Two Components. Dis- 

cussion by John L. Rich... « 
Discussion. 102, 315, 819, 980, 1125, 1404 
Distribution of Eocene Rocks in Santa Lucia Mountains, California. Geological 

Note by C. Lathrop Herold ‘ 
Domes, Structure Elements of. By Robert Balk . 51 
Dott, Robert H. Minutes of Twenty-First Annual Business Meeting, Mayo 

Hotel, Tulsa, Oklahoma 622 
Down to Earth. An Introduction to Geology. By Carey ‘Croneis and William C. 

Krumbein. Review by L. C. Snider . 
Dunbar, Carl O., and Longwell, Chester R. Problems of Pennsylvanian- Permian 

Boundary i in Southern Nevada . . 1198 
Durward, Robert, and Willson, Kenneth. “Memorial of Melvin J. Collins. 841 
Early History of Texas Red-Beds Vertebrates. By A. S. Romer. Review by 

Philip B. King 832 
Earth, Down to. An Introduction to Geology. By Carey Croneis and William C. 

Krumbein. Review by L. C. Snider . 

, Present Tectonic State of. By Hans Stille 849 
East Texas District, Development and Production. Geological Note by Wallace 

Ralston... 975 
Eaton, J. Edmund. Relation of the T ype Santa Margarita to the Type } Mon- 

terey, California. Abstract . a . 1520 
Editorial Note. By L. C. Snider 1516 
— Alva C. Potamides Matsoni Zone of Texas (Burkville Beds). Geological 

ote . 404 
. Review of Tertiary Faunas. Vol. L, by A. Morley Davies. 505 


Eocene Paleogeography of Southern California. By Ralph D. Reed. Abstract 1 513, 1520 
Eocene Rocks in Santa Lucia Mountains, California. Distribution of. — 


Note by C. Lathrop Herold 401 
Erdél. By K. Krejci-Graf. Review by R. W. Brauchli . 1504 
Europe, Lag’ of Oil and Gas Production from Paleozoic Formations in. 

By W. A. J. M. van Waterschoot van der Gracht . 1476 
ee of the Congo Basin. By A. C. Veatch. Review by Ralph D. Reed . 226 
Examples of Migration of Petroleum. By Donald C. Barton eal... 612 
Executive Committee Meeting, New York City, December 28, 1935. The As- 

sociation Round Table : 233 
Executive Committee me Tulsa, March 17, 1936. The Association Round 

Table. 634 
Fanning, Leonard M. Rise of ‘in Oil. Review ie H. B. Goodrich — 
Faults along Balcones System in Central Texas, Evidence of Recent Movements 

Faults, Geosynclinal Boundary. By W. A. Ver Wiebe gto 
Ferguson, William Boyd, and Minton, Joseph W. Clay Creek Salt Dome, V Wash- 

ington County, Texas . . 68 
Field Photography for Geologists. By F. T. Thwaites 
Financial Statement, Division of Geophysics, 1935 

, Division of Paleontology and Mineralogy, 1935 

» 1935, The American Association of Petroleum Geologists. . ses 

Finch, E. H. Memorial of Vachel Harry McNutt . : 2 . 842 

Fisher, D. Jerome. Carbon Ratios North of the Ouachitas. Discussion. 102 
oe Pontotoc County, Oklahoma, Preliminary Report on. By Don ‘,. 

yatt . 951 


Foreign Literature, Recent, on the Problem of Petroleum Generation, ‘Summary 
of. By Parker D. Trask 


‘ 
| 
q 
a 
5 

‘ 

. 
4 

' 
‘Ad 


1710 INDEX TO VOLUME 20 


Foreword: Symposium on Mexico. By A. I. Levorsen . 385 
Fortschritte der Olgeologie (Progress of Oil Geology). By Karl Krejci-Graf. Re- 
view by Donald C. Barton . 837 
Fosseis do Devoniano do Parand (Some Fossils of the Devonian of Paran4). Re- 
view by Victor Oppenheim 987 
Fossils, Ordovician, from Upper Part of Type Section of Deadwood Fi ormation, 
South Dakota. By W. M. Furnish, E. J. Barragy, and A. K. Miller . 1329 
Fraser, H. J., and Graton, L. C. Systematic Packing of Spheres—with Particu- 
lar Relation to Porosity and Permeability. Review by Morris Muskat 324 
Frontier-Niobrara Contact in Laramie Basin, Wyoming. By Horace D. Thomas 1189 
Furnish, W. M., Barragy, E. J., and Miller, A. K. Ordovician Fossils from Upper 
Part of Type Section of Deadwood Formation, South Dakota ._. 1329 
Gardner, James H., Tectonics in Arbuckle and Ouachita Mountains. Discussion 1127 
Gebirgsumrahmung, die, des Nordamerikanischen Kontinents (The Mountain 
Framework of the North American Continent). By Rudolph Schottenloher. 
Review by Ira Otho Brown __.. 829 
Geoelectric Exploration in Tejon Ranch Area, California. By J. j. Jakosky and 
H. K. Armstrong. Abstract 
Geologic Branch of the California State Division of Mines, Progress of. By Olaf 
P. Jenkins. Abstract . 1520 
on. Names and Correlations. By Ira H. Cram. The Association Round 
able. II5 
Geologic Names and Correlations Committee, Report of. By ‘Ira H. Cram, 
chairman 654 
Geologic Road Log in Tamaulipas and Nueva Leon, Mexico, with Map. By San 
Antonio Geological Society . 467 
of Pan-American Highway, Laredo to Mexico City, with Map. By San 
Antonio Geological Society d — 
Geological Causes of Poor Reflection Records. By Frank Rieber. Abstract 1520 
Geological Notes . 312, 478, 816, 975, 1122, 1250, 1372 
Geological Prospecting in New Guinea. By W.E. Heater. Abstract. .  . 1 520 
Geology of Callixylon. Appreciation of David White by Edward W. Berry. The 
Association Round Table ._. 628 
of Cameron and Vermilion Parishes, Reports on the. By Henry V. Howe, 
Richard J. Russell, James H. McGuirt, Ben C. Craft, and Morton B. 
Stephenson. Review by Donald C. Barton 838 
of Chittim Anticline, Maverick County, Texas. By F.B. Plummer. Ab- 
stract. 
of Eastern Half of San Joaquin Hills, Orange County, California. ined 
Francis D. Bode. Abstract. 1519 
of Mexico, Synopsis of the. By Manuel Santillan 394 
of Northwest Basin, Western Australia. By D. Dale Condit, H.G. Rag- 
gatt, and Eric A. Rudd. 1028 
of Outfall Sewer Tunnel, Palos Verdes Hills. By J. R. Schultz. Abstract . 1520 
of San Nicolas Island, California. By Luis E. Kemnitzer. Abstract 1519 
of Tampico Region, ‘Mexico. By John M. Muir. Review by Lewis B. 
Kellum . ie 1134 
of Tampico Region, ‘Mexico. Discussion by M. P. White 1494 
of Trinidad, Summary Digest of. By H.G. Kugler... 1439 
Geology and Bitumens of the Dead Sea Area, Palestine and Transjordan. By 
Frederick G. Clapp. 881 
Geology and Geophysics showing Cap Rock and Salt Overhang of High Island 
Dome, Galveston County, Texas. By Michel T. Halbouty . . 560 
Geology and Radio Transmission. Geological Note by Edmund M. Spieker 1123 
ae xg’ of Gulf Coast Salt Structures and Its Economic Application. 
By C. H. Ritz , 1413 
Geophysics, Division of, The American Association of Petroleum Geologists. 
The Journal of the Society of Petroleum eenanenn Review hed Stuart 
Sherar_ . : 107 
Geosynclinal Basin, Central 1632 
———, Southern, and Los Angeles Basin of California. 1658 


| 
ue 
~ 
} 
| 
a 
a 
4 
‘ ‘ 
4 


INDEX TO VOLUME 20 


Geosynclinal Boundary Faults. By W. A. Ver Wiebe 

Gleason, Charles D. Memorial by H. S. McQueen 

Gondwana Rocks of Southern Brazil, Petroleum Geology of. Discussion by Ar- 
thur Wade 

Gondwana Rocks and Geology of Petroleum of Southern Brazi!. Discussion by 
Victor Oppenheim 

Goodrich, H. B. Review of Rise of American Oil, by Leonard M. Fanning 

Graphic Method for Determining True Dip from "Two Components. Discussion 
by John L. Rich . 

Graptolites, Table of Tentative Lower Paleozoic Correlations on Basis of. 
Geological Note by Charles E. Decker. 

Graton, L. C., and Fraser, H. J. Systematic Packing of Spheres—with Particular 
Relation to Porosity and Permeability. Review by Morris Muskat_ . ‘ 

Gravell, Donald W., and Hanna, Marcus A. Conroe Oil Field, Texas. Discus- 
sion. . 

Green, Darsie A. Permian and Pennsylvanian Sediments Exposed i in Central 
and West-Central Oklahoma 

Ground Water, Movements of. By O. E. Meinzer . 

Gulf Coast Salt Structures, Geomorphology of, and Its Economic ic Application. 

y C. H. Ritz : . 

Hager, Dilworth S. Northeast Texas Fault Line. Abstract . 

Halbouty, Michel T. Geology and Geophysics showing Cap Rock and Salt 
Overhang of High Island Dome, Galveston County, Texas. 

Hanna, Marcus A., and Gravell, Donald W. Conroe Oil Field, Texas. Discussion 

Hardin Dome, Liberty County, Texas. Geological Note by 0. L. Brace 

Hares, C. J. Memorial of Charles Thomas Lupton : 

Haynes, W. P., Review of The International Congress of Mines, Metallurgy, and 
Applied Geology, Paris, October, 1935, by Comite de Organisation 

Heater, W. E. Geological Prospecting in New Guinea. Abstract 

Hebron Gas Field, Potter > Pennsylvania. By John R. Reeves’. 

Hendricks, T. A., ‘and Dane, C. H. Correlation of Bluejacket Sandstone, Okla- 
homa. Geological Note 

Hendricks, T. A., Dane, C. H., and Knechtel, M. M. Stratigraphy of Arkansas- 
Oklahoma Coal Basin. 

Henley, Arthur Sidney. Memorial by R. P. McLaug hlin . 

Herold, C. Lathrop. Distribution of Eocene Rocks in Santa Lucia Mountains, 
California. Geological Note : 

High Island Dome, Galveston County, Texas, Geology and Geophysics show- 
ing Cap Rock and Salt Overhang of. By Michel T. Halbouty . 

Historical Geology of Antillean-Caribbean Region. By Charles Schuchert. 
Review by Charles Lawrence Baker . 

History, Early, of Texas Red-Beds Vertebrates. By A. S. Romer. Review by 
Philip B. King 

Hlauscheck, Hans. N aphthene and Methane Oils, Their Geological Occurrence 
and Origin. Review 

Hobson, H. D., and Rankin, W. 'D. Notes on Stratigraphy of Sespe Creek-Piru 
Creek Area. Abstract 

Hollister, J. S.,and Reed, R. D. Structural Evolution of Southern California 

Honorary Members, Biographical Sketches of Recently Elected. By Clarice B. 
Strachan. The Association Round Table . ‘ 

Hoots, Harold W. Recent Discoveries and Present Oil Supply i in . California 

Hoskins Mound Salt Dome, Brazoria County, Texas, By Archer H. Marx 

Hot 2 ga Problem of Petroleum. By Samuel B. Pettengill. Review by L. C. 
Snider . 

Howard, W. V. yand David, Max W. Development of Porosity i in ‘Limestones 

Howe, Henry V. Memorial of Karl Etienne Young ; 

Howe, Henry V., Russell, Richard J., McGuirt, James H., Craft, Ben C., and 
Stephenson, "Morton B. Reports on the Geology of Cameron and Vermilion 
Parishes. Review by Donald C. Barton . 

a a S. Stratigraphy of the Tesla Quadrangle near Tracy, California. 

stract 

Hyatt, Don L. Preliminary Report on Fi itts Pool, Pontotoc County, Oklahoma , 


1711 
gio 
382 
984 


819 
1130 


1496 
1252 
324 
985 


1454 
704 


1413 
1514 
560 
985 
1122 
512 
318 
1520 
101g 
312 


1342 
1384 


491 
560 
496 
832 

1499 


1519 
1529 


1265 


939 
155 


1133 


1150 


838 


1520 
951 


is 


. 
j 
ite 
q 
; 
‘ 


1712 INDEX TO VOLUME 20 


Ickes, E. L. Estimation of Probable Value of Wildcat Land 

Insoluble — for Correlation in Oklahoma, Use of. By Hubert Andrew 
Ireland . 

International Congress of Mines, Metallurgy, and Applied Geology, Paris, 
October, 1935. By Comite de Organisation. Review by W. P. Haynes. 

International Geological Congress: Report of the XVI rea United States of 
America, 1933. Review by L. C. Snider 

, Seventeenth, Moscow, August, 1937 . 

Invertebrate Paleontology. By William W. Twenhofel and Robert R. Shrock. 
Review by C. E. Decker . 

Ireland, Hubert Andrew. Use of Insoluble Residues for Correlation in Oklahoma 


ae J. J., and Armstrong, H. K. Geoelectric Exploration in Tejon Ranch 
Area, California. Abstract. . 
Jenkins, Olaf P. Progress of Geologic Branch of the California State Division of 
Mines. Abstract . 
Johnson, Curtis H. Nomographic Solution for Apparent Dip i in Vertical Section 
not Perpendicular to Strike. Geological Note . - ; 
Johnson, Harry R. “Art is Long and Time is Fleeting. ” Abstract. 
Journal, The, of The Society of Petroleum Geophysicists. By Division of Geo- 
physics, The American Association of Petroleum eae Review by 
tuart Sherar 


Kane, William G. Structural Geology of Border Province of Northeastern 
Mexico Adjacent to Zapata and Starr Counties, Texas 

. Wells Drilled in Northeastern Mexico. Geological Note 

Kellum, Lewis B. Paleogeography of Parts of Border Province of Mexico Ad- 
jacent to West Texas . 8 

Kemnitzer, Luis E. Geology of San Nicolas Island, California. Abstract . 

. Review of Geology of the Tampico Region, Mexico, by John M. Muir 

Keyes, Wilson. Memorial by Cary P. Butcher ; 

King, Philip B. Review of Early History of Texas Red-Beds Vertebrates, by 
A. S. Romer . 

King, Philip B. , Kramer, William, and Miser, Hugh D. Ouachita Boulder Prob- 
lem. Ge Geological Note . 

Kinkel, W. C. Notes on Southern Part of Permian Basin. Geological Note. 

Kleinpell, Robert M., and Schenck, Hubert G. Refugian Stage of Pacific Coast 

ertiary . 

Kleinpell, R. M. , Woodring, W. P., and Bramlette, M.N. Miocene Stratigraphy 
and Paleontology of Palos Verdes Hills, California 

Knechtel, M. M., Hendricks, T. A., and Dane, C. H. Stratigraphy of Arkansas- 
Oklahoma Coal Basin. 

Kohlenpetrographie, Lehrbuch der (Textbook of Coal Petrography). ‘By Erich 
Stach. Review by Taisia Stadnichenko . 

Kramer, William, King, Philip B., and Miser, Hugh D. Ouachita Boulder Prob- 
lem. Geological Note . 

Krejci-Graf, K. Erdél. Review by R.W. Brauchli. 

. Fortschritte der Olgeologie. (Progress of Oil Geology). ‘Review by Donald 

C. Barton 

Krueger, Max L. Sycamore ‘Canyon Formation. Abstract. 

Krumbein, William C., and Croneis, Carey. Down to Earth. An Introduction to 
Geology. Review by L. C. Snider ; 

Kugler, H. G., Summary Digest of Geology of Trinidad 


Laramie and Dawson Formations in Southeastern Part of Denver Basin, Colo- 
rado. By C. H. Dane and W. G. Pierce 

Laramie Basin, Wyoming, Frontier-Niobrara contact in. By Horace D. Thomas 

Laredo to Mexico City, Geologic Road Log of Pan-American Highway, with 
Map. By San Antonio Geological Society 

, Map of Regional Geology alorg National Railway of Mexico. By San 
Antonio Geological Society 

Late Recent History of Céte Blanche Salt Dome, St. Mary Parish, Louisiana. 
By Donald C. Barton. 


1005 


1086 
318 


1375 
1521 


228 
1086 
1519 
1520 

816 
1520 

107 

493 

478 

417 
I519 
1134 
1272 

832 


479 
1250 


215 
125 
1342 
830 


479 
1504 


837 
1520 


1131 
1439 
1308 
1189 
457 
466 


179 


oor 
3 
d 
4 
| 
| 
| 
| 
| 
4 
ir 
ad 


INDEX TO VOLUME 20 1713 


Leatherock, Constance, and Bass, N. W. Chattanooga Shale in os Cee 


Oklahoma, and Adjacent Areas . ; 9! 
Leonardon, E. Memorial of Conrad Schlumberg: 997 
Lehrbuch der Kohlenpetrographie (Textbook of Coal Petrography). By! Erich 

Stach. Review by Taisia Stadnichenko_ . 830 
Levorsen, A. Irving. Papers forthe Bulletin . 333 

- Petroleum Geology and The American Association of Petroleum Geolo- 

387 
. Stratigraphic versus Structural Accumulation . 521 


Limestones, ag Ree see of Porosity in. By W. V. Howard and Max W. David 1389 
Linscheid, A. Acceptance of David White Memorial. The Association Round 


Table 632 
Longwell, Chester R., and Dunbar, Carl O. Problems of Pennsylvanian- Permian 

Boundary in Southern Nevada... . 1198 

Los Angeles Basin and Southern Geosynclinal Basin of California. 1658 
Louisiana, Late Recent History of Céte Blanche Salt sane St. reins Parish. 

By Donald C. Barton . 

Lupton, Charles Thomas. Memorial by 5, Hares. » 


McConnell, Duncan, and Thwaites, F. T. Photography for Geologists. Dis- 
cussion . 827 

McGuirt, James H,, Howe, Henry v., Russell, Richard J., Craft, Ben ec. and 
Stephenson, Morton B. Reports on the Geblogy of Cameron and Vermilion 


Parishes. Review by Donald C. Barton . 838 
McKnight, Edwin T. Zinc and Lead Deposits of Northern Arkansas. Review by 

Hugh D. Miser. gee 
McLaughlin, R. P. Memorial of Arthur Sidney Henley ee 
McNutt, Vachel Harry. Memorial by E. H. Finch 
McQueen, H. S. Memorial of Charles D. Gleason . 382 
Map of Regional Geology along National Railway of Mexico, Laredo to Mexico 

City. By San Antonio Geological Society ; 466 
Marine Conglomerates, Marine Unconformities, and Thicknesses of Strata. By 

W. H. Twenhofel . 677 
Marine Sediments, Vertical Distribution of Bacteria in. By Claude E. ZoBell 

end D. Quentin Anderson . 258 
Marine Unconformities, Marine Conglomerates, and Thicknesses of Strata. 

By W. H. Twenhofel . 
Marx, Archer H. Hoskins Mound Salt Dome, Brazoria. County, ' Texas . . 55 
Meinzer, O. E. Movements of Ground Water 


Membership Applications Approved for Publication 
113, 233, 332, 500, 621, 839, 994, 1146, 1262, 1382, I510 


Membership List, The American Association of Petroleum Geologists . 343, 1263 
Memorial ; 118, 239, 240, 382, 512, 841, 996, 1149, 1270, 1384 
Mexico Adjacent to West Texas, Paleogeography of Parts of Border Province. 
By Lewis B. Kellum . 417 
, Geologic Road Log in Tamaulipas and Nueva Leon, with Map. By San 
Antonio Geological Society 467 
, Geology of Tampico Region. By John M. Muir. Review by Lewis B. 
Kellum . 1134 
, Geology of Tampico Region. Discussion by M.P. White . 1494 
, Micropaleontology in, with Special Reference to the Tampico Embay- 
ment. By Reginald W: right Barker . ; 433 
Northeastern, Adjacent to Zapata and Starr Counties, Texas, Struc- 
tural Geology of Border Province of. By William G. Kane . . 403 
, Northeastern, Wells Drilled in. Geological Note by William G. Kane . 478 
, Principal Physiographic Provinces of. By Ezequiel Ordofiez. . . 1277 
, Synopsis of the Geology of. By Manuel Santillan . 394 


Mexico und T exas, Neue Cephalopoden aus der oberen Kreide vom Rio Grande del 
Norte. (New Cephalopods of the Upper Cretaceous of the Rio Grande Area 
of Mexico and Texas). By Hans H. Renz. Review by John M. Muir - 987 
Michaux, Jr., Frank W., and Buck, E. O. Conroe Oil Field, Montgomery 


: 


i 
q 
| - 
rs 
| | 
| if 
4 
4 al 
| 
3 


1714 INDEX TO VOLUME 20 


Micropaleontoiogy in Mexico with Special Reference to the a seriall 
ment. By Reginald Wright Barker : 

Migration of Oil. By M. G. Cheney. Abstract 

Migration of Oil Along Fault Zones. By Bruce L. Clark. Abstract 

Migration of Petroleum, Examples of. By Donald C. Barton e¢ al. 

Miller, A. K., Furnish, W. M. , and Barragy, E. J. Ordovician Fossils from Up- 
per Part ‘of Type Section of Deadwood Formation, South Dakota . 
Millikan, C. V. Review of Rotary Drilling Handbook, by John Edward Brantly 
Minton, "Joseph W., and Ferguson, William Boyd. Clay Creek Salt Dome, 

Washington County, Texas 

Minutes, Twenty-First Annual Business “Meeting, Mayo Hotel, Tulsa, Okla- 
homa. By E. C. Moncrief . 

Miocene gan ae and Paleontology of Palos Verdes Hills, California. By 
W. P. Woodring, M. N. Bramlette, and R. M. Kleinpell 

Miser, Hugh D. Memorial of David White 

. Review of Zinc and Lead Deposits of Northern Arkansas, by ‘Edwin T. 
McKnight 

—— Hugh D. , Kramer, William, and King, Philip B., Ouachita Boulder Prob- 
lem. Geological Note . 

Mississippi, Carboniferous Rocks at Jackson. Discussion by Watson H. Monroe 

Mississippian ‘‘Ridgetop Shale” of Central of. Charles W. 
Wilson, Jr., and E. L. Spain, Jr. ‘ 

Mohavia ‘ 

Moncrief, E. C. Minutes of Twenty-First Annual Business Meeting, Mayo 
Hotel, Tulsa, Oklahoma. 

. Report of General Business Committee 

. Report of Secretary-Treasurer  . 

Monroe, Watson H. Carboniferous Rocks at Jackson, Mississippi. ‘Discussion 

Montana, Geology of Nye-Bowler Lineament, Stillwater and Carbon Counties. 
By Charles W. Wilson, Jr. 

Movements of Ground Water. By O. E. Meinzer . 

Muir, — M. Geology of the Tampico Region, Mexico. Review by Lewis B. 
Kellum... 

. Review of Neue Cephalopoden aus der oberen Kreide vom Rio Grande del 
Norte (Mexico und Texas) (New Cephalopods of the Upper Cretaceous of 
the Rio Grande Area of Mexico and Texas), by Hans H. Renz... 

Muskat, Morris. Review of Systematic Packing of Spheres—with Particular 
Relation to Porosity and Permeability, by L. C. Graton and H. J. Fraser 


Naphthene and Methane Oils, Their Geological Occurrence and Origin. By Hans 
Hlauscheck. Review. 

Nashville Dome, Tennessee, Upper Paleozoic Development of. By Charles W. 
Wilson, Jr., and E. L. Spain, Jr. 

National Railway of Mexico, Laredo to Mexico City, Map of Regional Ge- 
ology along. By San Antonio Geological Society . 

National Research Council, Report of Representative to. By Donald C. Barton 

Neue Cephalopoden aus der ‘oberen Kreide vom Rio Grande del Norte (Mexico und 
Texas) (New Cephalopods of the Upper Cretaceous of the Rio Grande 
Area of Mexico and Texas). By Hans H. Renz. Review by John M. Muir 

Nevada, Southern, Problems of Pennsylvanian-Permian Boundary in. By Ches- 
ter R. Longwell andCarlO. Dunbar . 

Nevin, a Merrick. Principles of Structural Geology. Review by] L. C. 
Sni 

New Theory of Continental Spreading. Discussion by Arthur Wade . 

Nomographic Solution for Apparent Dip in Vertical Section not Perpendicular 
to Strike. Geological Note by Curtis H. Johnson 

Nordamerikanischen Kontinents, die Gebirgsumrahmung des (The Mountain 
Framework of the North American Continent). By Rudolph Schottenloher. 
Review by Ira Otho Brown : : 

Northeast Texas Fault Line. By Dilworth S. Hager. Abstract 

Northern Geosynclinal Basin, California, and Coalinga district . 

Northwest Basin, Western Australia, Geology of. _ D. Dale Condit, H. G. 

Raggatt, and Eric A. Rudd : 


1198 


1374 
317 


816 
829 


1514 
1598 


1028 


433 
1514 
1520 
612 
1329 
1498 
68 
638 
125 
625 
479 
106 
| 
1617 
638 
652 
644 
106 | 
1161 
704 
j 1134 
987 | 
324 | 
1499 | 
466 
661 
987 | 
- 
i 


INDEX TO VOLUME 20 


Notiuni de Geologia Za:amintelor de Sare (Notes on the Geologic Accumulation 
of Salt). By I. P. Voitesti. Review by Donald C. Barton ; é 

Nowlan, Harry H. San Antonio Eighth Annual Meeting. 

Nye-Bowler Lineament, Stillwater and Carbon one Montana, Geology of. 
By Charles W. Wilson, 


Oil, American, Rise of. By Leonard M. Fanning. Review by H. B. Goodrich . 
Oil Gas Production from Paleozoic Formations in of. 
y W. A. J. M. van Waterschoot van der Gracht 
Oil Pe of Open Reservoir Type. By John Emery Adams 
Oil Supply, Present, and Recent Discoveries in California. By Harold W. Hoots 
Oklahoma, and Adjacent Areas, Chattanooga Shale in Osage County. By Con- 
stance Leatherock and N. W. Bass . 
Oklahoma, Central and West-Central, Permian and Pennsylvanian Sediments 
Exposed in. By Darsie A. Green H 
, Correlation of Bluejacket Sandstone. ‘Geological Note by C. H. Dane 
and T. A. Hendricks 
Position of Cambrian-Ordovician Boundary in Section of Arbuckle 
Limestone Exposed on Highway 77, Murray County. Discussion by Josiah 
ridge 
, Preliminary Report on Fitts Pool, Pontotoc County. By Don L. Hyatt 
———, Use of Insoluble Residues for Correlation in. By Hubert Andrew Ire- 


Oklahoma and Arkansas, Ouachita Boulder a Geological Note by Wil- 
liam Kramer, Philip B. King, and Hugh D. Miser P 
“ — Tentative Correlations on the Basis of Graptolites of. By Charles 
ecker . 
Olgeologie, Fortschritte der (Progress of Oil Geology). By Karl Krejci- Graf. Re- 
view by Donald C. Barton. 
Oppenheim, Victor. Geology of Devonian Areas of Parand Basin in Brazil, 
and Paraguay . 
Oppenheim, Victor. Gondwana Rocks and Geology of Petroleum of Southern 
Brazil. Discussion 
. Review of Fosseis do Devoniano do Parané (Some Fossils of the Devonian 
of Parand) 
Orange, Texas, Oil Field. By Alexander Deussen and E. W. K. Andrau . 
Ordojfiez, Ezequiel, Elected Honorary Member. The Association Round Table 
. Principal Physiographic Provinces of Mexico 
Ordovician Fossils from Upper Part of Type Section of Deadwood Formation, 
South Dakota. By W. M. Furnish, E. J. Barragy, and A. K. Miller ; 
Chemical and Geochemical Aspects. By Benjamin T. 
roo 
— and Arbuckle Mountains, Tectonics in. Discussion by James H. 
ardner . 
Problem. Discussion by M. van Waterschoot van der 
racht . 
a Geological Note by William Kramer, Philip B. King, ‘and Hugh D. 


Oundilian Carbon Ratios North of the. Discussion by D. Jerome Fisher 


Pacific Coast Tertiary, Refugian Stage of. By Hubert G. Schenck and Robert 
M. Kleinpell . ; 

Pacific Section, Thirteenth Annual Meeting ; 

Paleogeography of Parts of Border Province of Mexico Adjacent to West Texas. 
By Lewis B. Kellum . 

Paleozoic, Upper, pea of, Nashville Dome, Tennessee. By Charles W. 
Wilson, Jr., and E. L. Spain, Tr. 

Paleozoic Correlations, ‘Table of Tentative Lower, on Basis of Graptolites. 'Geo- 
logical Note by Charles E. Decker . 

Paleozoic Formations in Europe, Possibility of Oil and Gas Production from. 
By W. A. J. M. van Waterschoot van der Gracht _ 

Palestine, Transjordan, and the Dead Sea Area, —— and Bitumens of. By 
Frederick G. Clapp . 


1715 


= 


108 
1513 
1161 
1130 
1476 
780 
939 
| 1454 
312 
1086 
| 479 
| 301 
837 
1208 
819 
987 
531 
234 
1277 
1329 
280 
i 1127 
1125 
479 
215 
| 1519 
417 
| 1071 
1252 
1439 
881 


1716 INDEX TO VOLUME 20 


Palmer, Katherine V. W. Review of Timothy Abbott Conrad, with Particular 
Reference to His Work in Alabama One Hundred Years Ago, by Harry 
Edgar Wheeler. 

Pan-American Highway, Laredo to Mexico City, with Map, Geologic Road | Log 
of. By San Antonio Geological Society. 

Papers for the Bulletin. By A. I. Levorsen 

Parand, Fosseis do Devoniano do (Some Fossils ‘of the Devonian of Paran4). Re- 
view by Victor Oppenheim 

Paranda Basin in Brazil, Uruguay, and Paraguay, Geology of Devonian Areas of. 
By Victor Oppenheim ar 

Pennsylvania, Hebron Gas Field, Potter County. By John R. Reeves. 

Pennsylvanian-Permian Boundary in Southern Nevada, Problems of. By 
Chester R. Longwell and Carl O. Dunbar : 

Permian and Pennsylvanian Sediments Exposed in Central and West-Central 
Oklahoma. By Darsie A. Green i ; 

Permian Basin, Notes on Southern Part of. Geological Note by W. C. Kinkel 

a Hot Oil—The Problem of. By Samuel B. Pettengill. Review by L. C. 
Snider. 

of Southern Brazil, ‘Gondwana Rocks and Geology of. Discussion by 

Richard Joel Russell and Levi S. Brown . 

, Twenty-Five Years Retrospect. By Twenty- Five Authors. Review by 

W. B. Wilson 

Petroleum and Natural Gas, Source Material for. By Wilber Stout 

Petroleum Development and Technology, 1935. By the Petroleum Division, 
American Institute of Mining and Review E.E. 
Stephenson . : 

, 1936. Review by Charles H. Pishney . 

Petroleum Generation, Summary of Recent Foreign Literature on the Problem 
of. By Parker D. Trask 

Petroleum Geology of Gondwana Rocks of Southern Brazil. Discussion by 
Arthur Wade 

, Research in. By F. B. Plummer . 

Petroleum Geology and The American Association of Petroleum Geologists. By 
A. Irving Levorsen 

Petroleum Production and Supply. By A ‘Special Committee of The American 
Petroleum Institute. 

Petroleum Shortage, Probable, i in the United States, and Methods for Its Allevi- 
ation. By L. C. Snider and B. T. Brooks / ; 

Petroleum a 1935. Review by Wallace E. Pratt . 

— Samuel B. Hot Oil—The Problem of Petroleum. Review ‘by 1 L. C. 
Snider. 

Photography, Field, for Geologists. By F. T. Thwaites 

for Geologists. Discussion by Duncan McConnell and F. T. Thwaites 

Physiographic Provinces, Principal, of Mexico. By Ezequiel Ordofiez 

Pierce, W. G., and Dane, C. H. Dawson and Laramie Formations in South- 
eastern Part of Denver Basin, Colorado . 

Pishney, Charles H. Review of Petroleum Development and ‘Technology— 


1936 

Plummer, F. B. Geology of Chittim Anticline, Maverick County, Texas. Ab- 
stract 

. Research in Petroleum Geology é 

Pogue, "Joseph E. Price of Crude Oil in Perspective 

Pontotoc County, Oklahoma, Preliminary Report on Fitts Pool. By Don L. 
Hyatt 

Porosity in Limestones, Development of. By W. V. Howard and Max W. David 

— Matsoni Zone of Texas (Burkville Beds). Geological Note hd Alva C. 
Ellisor 

Pratt, Wallace E. Review of Petroleum Technology, 1935 

Price of Crude Oil in Perspective. By Joseph E. Pogu 

Price, W. Armstrong. Corpus Christi Structural Basin Postulated from Salinity 
Data. Discussion . 

Problems of Pennsylvanian- Permian Boundary i in Southern Nevada. By Chester 
R. Longwell and Carl O. Dunbar 


321 


457 
333 


987 


1208 


1198 


1454 
1250 


1133 


= 
| 
= | 
3 
= | 
821 
797 
228 
= 1258 
1237 
984 
ay 619 
4 387 
a 
15 
a 1501 
1133 
186 
: 827 
4 1277 
1308 
1258 
1513 
619 
810 
1389 
494 
I501 
q 810 
1198 
4 


INDEX TO VOLUME 20 1717 


Production, Oil and Gas, from Paleozoic Formations in Europe, Possibility of. 
By W. 


y . J. M. van Waterschoot van der Gracht - 1476 
Production and Development, East Texas District. Geological Note by Wallace 
Ralston... 975 
Proportion of Organic Matter Converted into Oil in Santa Fe Springs 1 Field, 
California. By Parker D. Trask 245 
Putnam, L. G. Memorial by D. Dale Condit. ‘aaa 
Pyle, Howard C. Connate Water in Oil Sands. Abstract « 


Radio Transmission and Geology. Geological Note ~~ Edmund M. Spieker . 1123 
Raggatt, H. G., Condit, D. Dale, and Rudd, Eric A. Geology of Northwest 


Basin, Western Australia. 1028 
Ralston, Wallace. Development and Production, East Texas District. Geological 
Note : 975 
Recent Geophysical Abstracts of the Seismos Geophysical Company. Review by 
Donald C. Barton 109 
Recent Movements Along Faults of Balcones System i in Central Texas, Evidence 
of. By Frank Bryan . ‘ 1357 
Recent Publications. 109, 229, 327, 506, 988, 1141, 1250, 1377, 1505 
Red-Beds Vertebrates, Texas, Early History of. By A. S. Romer. Review by 
Philip B. King... 832 
Reed, Ralph D. Eocene Paleogeography of Southern California. Abstract 1 513, 1520 
Reed, Ralph D. Review of Evolution of the Congo Basin, by A.C. Veatch . 226 
. Review of La constitution géologique des Antilles, by L. Barrabé . 1497 
Reed, Ralph D., and Hollister, J. S. Structural Evolution of Southern California 1529 
Reeves, John R. Hebron Gas Field, Potter County, Pennsylvania. 101g 
Refugian Stage of Pacific Coast Tertiary. By Hubert G. Schenck and Robert M. 
Kleinpell 215 
Regional Geology, Map of, along National Railway of Mexico, Laredo to Mexico 
City. By San Antonio Geological Society ? 466 
Relation of the Type Santa a to the Type Monterey, California. By J. 
Edmund Eaton. Abstract . 1520 


Renz, Hans H. Neue Cephalopoden aus der oberen Kreide vom Rio Grande del . 
Norte (Mexico und Texas) (New Cephalopods of the Upper Cretaceous of 


the Rio Grande Area of Mexico and Texas). Review by John M. Muir . 987 
Report of Editor. By L. C. Snider. . 651 
of General Business Committee. By E. C. Moncrief, secretary cs a) 

of President. By A. I. Levorsen . . 639 

of Research By Donald C. Barton 

of Secretary-Treasurer. By E. C. Moncrief 644 


Reports on the Geology of Cameron and Vermilion Parishes. By Henry V. Howe, 
Richard J. Russell, James H. McGuirt, Ben C. Craft, and Morton B. 


Stephenson. Review by Donald C. Barton... 838 
Research in Petroleum Geology. By F. B. Plummer . 619 
Research Committee at Los Angeles, March, 1937. By Donald C. Barton. 1380 

, Report of Chairman of. By Donald rod Barton . . 655 
Research Notes. 612, 1380 
Resolutions Committee, Report of. The San Antonio Geological Society . . 663 
Reviews . 107, 226, 318, 496, 829, 987, 1130, 1258, 1374, 1497 
Rich, John aa Graphic Method for Determining True Dip from Two Com- 

ponents. Discussion : 7 1496 
Rieber, Frank. Geological Causes of Poor Reflection Records. Abstract .  . 1 520 
Ritz, C. H. Geomorphology of Gulf Coast Salt Structures and Its Economic 

‘Application 1413 
Rock Temperatures and Depths to Normal Boiling Point of Water in the United 

States. By H. Cecil Spicer . : 270 
Roemer, Ferdinand, in Texas. Review by. Donald Cc. Barton p 1376 
ane, = S. Early History of Texas Red-Beds Vertebrates. Review by Philip B. . 

32 
Rotary Drilling Handbook. ‘By John Edward Brantly. Review by C. V. Milli- 
1498 


Rudd, Eric A, Condit, D. Dale, and Raggatt, H. G. Geology of Northwest 
Basin, Western Australia 1028 


| 
t 
{ 
| 7 
| 
| 


1718 INDEX TO VOLUME 20 


Russell, Richard Joel, and Brown, Levi S. Climatology of Brown’s as apenas 
on ‘Origin of Gulf Border Salt Deposits. Discussion . 

Russell, Richard J., Howe, Henry V., McGuirt, James H. , Craft, Ben e. and 
Stephenson, Morton B. Re — on the Geology of Cameron and Vermilion 
Parishes. Review by Donald C. Barton ‘a 

Ryan, Russell Fossler. Memorial by Henry C. Cortes . 


Salinia and Caliente Mountain District 

Salt-Dome Statistics. By George Sawtelle 

Salt Structures, Gulf Coast, Geomorphology of, and Its Economic Application. 
By C. H. Ritz 

San Antonio Geological nackay. ‘Geologic Road Log i in Tamaulipas and Nueva 
Leén, Mexico, with M 

. Geologic Road Log nat Pan-American Highway, ‘Laredo to Mexico City, 

with Map 

. Map 2 Regional Geology along National Railway of of Mexico, Laredo to 

Mexico City . 

. Report of Resolutions Committee 

San Antonio Section Eighth Annual Meeting. By Harry H. Nowlan . 

San Rafael and Santa Ynez Mountains, California... 

Santa Fe Springs Field, —— Proportion of Organic Matter Converted into 

Oil in. By Parker D.T 

Santa Lucia Mountains, California. Distribution of Eocene Rocks in. Geological 
Note by C. Lathrop Herold : 

Santa Ynez and San Rafael Mountains, California 

Santill4n, Manuel. Synopsis of the Geology of Mexico . a 

Sawteile, ’ George. Salt-Dome Statistics. 

Schenck, Hubert G., and Kleinpell, Robert M. Refugian Stage of Pacific Coast 
Tertiary ‘ 

Schist-bearing Clastics, Age and Correlation ‘of, Venice and Del Rey Fields, 
California. By William H. Corey . . 

Schlumberger, Conrad. Memorial by E. G. Leonardon . 

Schottenloher, Rudolph. Die Gebirgsumrahmung des Nordamerikanischen Kon- 
tinents (The Mountain Framework of the North American Continent). 
Review by Ira Otho Brown. 

Schuchert, Charles, Historical Geology ‘of the Antillean-Caribbean Region. 
Review by Charles Lawrence Baker . ‘ . 

Schultz, J. R. Geology of Outfall Sewer Tunnel, Palos Verdes Hills. Abstract 

Second World Petroleum Congress, Paris, June 14-19, 1937... ‘ 

Seventeenth International Geological Congress, Moscow, August, 1937 

Shaw, Eugene Wesley. Memorial by A. C. Trowbridge. 

Sherar, Stuart. Review of The Journal of the Society of Petroleum. Geophysicists, 
of Geophysics, The American Association of Petroleum Geolo- 


Shroek, "Robert R., and Twenhofel, William H. Invertebrate Paleontology. 
Review by C. E. Decker ; 

Snider, L. C. Editorial Note 

- Report of Editor . 

. Review of Down to Earth. An Introduction to Geology, by Carey 

Croneis and William C. Krumbein 

. Review of Hot Oil—The Problem of Petroleum, by Samuel B. Petten- 

gill . 

. Review of International Geological Congress: Report of the XVI Ses- 

sion, United States of America, 1933. 

. Review of Principles of Structural Geology, by Charles Merrick Nevin 

Snider, L. C., and Brooks, B. T. Probable Petroleum Shortage in the United 
States, and Methods for Its Alleviation 

Society of Petroleum Geophysicists. The Journal of The. By Division of Geo- 
physics, The American Association of Petroleum Geologists. Review by 
Stuart Sherar. 

Source Material for Petroleum and Natural Gas. By Wilber Stout 

South Dakota, Ordovician Fossils from er Part of Type Section of Dead- 
wood Formation. By W. M. Furnish, E. J. Barragy, and A. K. Miller. 


| 
: 821 
838 
; 240 
1621 
726 
4 1413 
4 407 
466 
663 
1513 
1632 
a 245 
491 
1632 
394 
726 
150 
829 
‘ 496 | 
1520 
1521 
1521 | 
239 
107 
228 | 
4 1516 | 
651 
4 1131 
1133 
1375 
1374 
15 
107 
797 
1399 
q 


INDEX TO VOLUME 20 


Southern California, Diastrophic Histo 
, Structural Evolution of. By R. Reed and J. 'S. Hollister . 

” Summary and Conclusions on Structural Evolution of . : 

Southern Geosynclinal Basin and Los Angeles Basin of California 

Spain, Jr., E. L., and Wilson, Jr., Charles W. Age of Mississippian “Ridgetop 
Shale” of Central Tennessee 

, Upper Paleozoic Development of Nashville Dome, Tennessee 

Spicer, "H. Cecil. Rock Temperatures and Depths to Normal Boiling Point of 
Water in the United States... 

Spieker, Edmund M. Radio Transmission and Geology. Geological Note . 

Stach, Erich. Lehrbuch der Kohlenpetrographie (Textbook of Coal Petrography). 
Review by Taisia Stadnichenko. 

Stadnichenko, Taisia. Memorial to David White. The Association Round Table 

Review of Lehrbuch der Kohlenpetrographie (Textbook of Coal Pe- 
trography), by Erich Stach. . 

Stenzel, H. B. Correlation of Claiborne of Southwest Texas with East Texas 
Section. Abstract... 

Stephenson, E. E. Review of Petroleum Development and Technology, 1935, 
by Petroleum Division of Mining and Metallurgical Engineers . 

Stephenson, Morton B., Howe, Henry V., Russell, Richard J., McGuirt, 
James H., and Craft, Ben C. Reports on the Geology of Cameron and 
Vermilion Parishes. Review by Donald C. Barton . 

Stille, Hans. Present Tectonic State of the Earth... 

Stout, Wilber. Source Material for Petroleum and Natural Gas . 

Strachan, Clarice B. Biographical Sketches of Recently Elected Honorary 
Members. The Association Round Table... 

Stratigraphic versus Structural Accumulation. By A. L ‘Levorsen 

Stratigraphy and Structure of Pearsall Field, Frio County, Texas. By Oscar 
Champion. Abstract . 

Stratigraphy of Arkansas-Oklahoma Coal Basin. By TA. Hendricks, C. H. 
Dane, and M. M. Knechtel. 

Stratigraphy of Sespe Creek-Piru Creek Area, Notes on. By. H. D. Hobson and 
W. D. Rankin. Abstract. 

a of Tesla Quadrangle near Tracy, California. By Arthur S. Huey. 

stract 

Structural Evolution of Southern California. By R. D. Reed and > S. Hollister 

, Introduction 

Preface 

Structural Geology of Border Province of Northeastern Mexico Adjacent to 
Zapata and Starr Counties, Texas. By William G. Kane 

— Geology, Principles of. By Charles Merrick Nevin. Review hai Sh 

nider_ . 

Structure Elements of Domes. By Robert Balk 

Summary of Recent Foreign Literature on the Problem of Petroleum Genera- 
tion. By Parker D. Trask . 

Summary and Conclusions on Structural Evolution of Southern California 

Summary Digest of Geology of Trinidad. By H. G. Kugler . . 

Sycamore Canyon Formation. By Max. L. Krueger. Abstract 

Symposium on Mexico: Foreword. By A. I. Levorsen . 

Synopsis of Geology of Mexico. By Manuel Santillan : 

Systematic Packing of Spheres—with Particular Relation to Porosity and Per- 
meability. By L. C. Graton and H. J. Fraser. Review by Morris Muskat . 


Talco Field, Titus and Franklin Counties, Texas. Geological Note by E. A. 
Wendlandt 

Tamaulipas and N ueva Leén, Mexico, Geologic Road Log i in, with Map. By 
San Antonio Geological Society . 

Tampico Embayment, Micropaleontology in Mexico with Special Reference to 
the. By Reginald Wright Barker 

— Region, Mexico, Geology of. By John M. Muir. Review w by Lewis B. 

ellum . ‘ 
, Geology of. Discussion by M.P. White . 
Tasman, Cevat Eyiib. Search for Oil in Miirefte, Turkey. Geological Note 


1719 


1551 
1529 
1682 
1658 


805 
1071 


270 
1123 


830 
630 


830 
1513 
228 
838 
849 
797 


1265 
521 


1514 
1342 
“1519 
1520 
1529 
1547 
1533 
403 


1374 
51 


1237 
1682 


1439 
1520 
385 
394 


324 


978 
467 
433 
1134 


1494 
1372 


“ J 
a 
| 
oe 
| 
| 
| 
{ 
| 
| 
j 
| 
| 


1720 INDEX TO VOLUME 20 


Tectonic State of the Earth, Present. By Hans Stille 849 
— in Arbuckle and Ouachita Mountains. Discussion by James H. Gard- 
1127 
‘heme, Central, Age of Mississippian ““Ridgetop Shale” of. By Charles W. 
Wilson, |S and E. L. Spain, Jr. . + 805 
, Upper Paleozoic Development of Nashville Dome. By Charles W. 
Wilson, Jr., and E. L. Spain, Jr. 1071 
Tertiary, Pacific Coast, Refugian Stage of. By Hubert G. Schenck and Robert 
M. Kleinpell . 215 
Tertiary eum. Vol. I. The Composition of ‘Tertiary Faunas. By A. Morley 
Davies. Review by Alva C. Ellisor . 505 
Texas, Central, Evidence of Recent Movements Along Faults of Balcones Sys- 
temin. . 1357 
, Clay Creek Salt Dome, Washington County. By William Boyd Fer- 
guson and Joseph W. Minton . 68 
, Conroe Oil Field, Montgomery County. By Frank W. “Michaux, Jr., a 
and E.O. Buck . 736 
, Conroe Oil Field. Discussion by Donald W. Gravell and Marcus A. 
Hanna : 985 
, Ferdinand Roemer in. Review by Donald C. Barton. 1376 
’ Geology and Geophysics showing Cap Rock and Salt Overhang of High 
Island Dome, Galveston County. By Michel T. Halbouty ._. 560 

, Hardin Dome, Liberty County. Geological Note by O. L. Brace . 1122 
—, ” Hoskins Mound Salt Dome, Brazoria County. By Archer H. Marx 155 
—, ’ Orange Oil Field, By Alexander Deussen and E.W.K.Andrau .. 531 

, Potamides Matsoni Zone of (Burkville Beds). Geological Note by Alva 

C. Ellisor 494 

, Structural Geology of Border Province of Northeastern Mexico Ad- 

jacent to Zapata and Starr Counties. By William G. Kane . 403 
, Talco Field, Titus and Franklin Counties. Geological Note by E. A. 
Wendlandt . 978 
, West, Paleogeograp' hy of Parts of Border Province of Mexico Adjacent 
to. By Lewis B. Kellum. 417 
Texas und Mexico, Neue Cephalopoden aus der oberen Kreide vom Rio Grande del 
Norte. (New Cephalopods of the Upper Cretaceous of the Rio Grande Area 
of Mexico and Tex ~_ Hans H. Renz. Review by John M. Muir. 987 
Texas Red-Beds Vertebrates. Early History of. By A. S. Romer. Review by 
Philip B. King 832 
Thicknesses of Strata, Marine ‘Unconformities, and Marine Conglomerates. 

y W. H. Twenhofel 
homie Horace D. Frontier-Niobrara Contact in Laramie Basin, Wyoming 1189 
Thomas, J. Elmer. Memorial of Robert Brooks Whitehead... 1270 
Thwaites, F. T. Field Photography for Geologists . 186 
Thwaites, F. T., and McConnell, Duncan. Photography for Geologists. Dis- 

cussion . 827 
Transjordan, Geology and Bitumens of the Dead Sea Area, Palestine and. 
By Frederick G. Clapp ; 881 
Trask, Parker D. Proportion of Organic Matter Converted into Oil in Santa Fe 
Springs Field, California. 245 
, Summary’ of Recent Foreign Literature on the Problem of Petroleum 
Generation . : 
Trinidad, Summary Digest of Geology of. By HG. Kugler 1439 
Trowbridge, A. C. Memorial of Eugene Wesley Shaw . 239 
Turkey, Search for Oil in Miirefte. Geological Note by Cevat Eyiib Tasman . 1372 
a Wiiliam H. Marine Unconformities, Marine Conglomerates, and 
Thicknesses of Strata . 677 
Twenhofel, William H., and Shrock, Robert R. Invertebrate Paleontology. 
Review by C. E. Decker. 228 
Twenty-First Annual Meeting, The American Association of Petroleum Geolo- 
gists, Mayo Hotel, Tulsa, Oklahoma, March 19-21, 1936. By Robert H. 
Dott ‘ 114, 236, 622 


Twenty-Second Annual Meeting, The American Association of Petroleum Ge- 


ologists, Los Angeles, March 17, 18, 19,1937. . . 1382,1511% 


| 
ig 
| 
ad 
aa 
4 
Br 
{ 
} 
| 
| 


INDEX TO VOLUME 20 


Unconformities, Marine, Marine Conglomerates, and Thicknesses of Strata. By 
. W.H. Twenhofel . 
United States, Probable Petroleum Shortage i in ‘the, and Methods for Its Allevia- 
tion. By L. C. Snider and B. T. Brooks . 
, Rock Temperatures and ‘Depths t to Normal | Boiling Point of Water in. 
By H. Cecil Spicer 


Value of Wildcat Land, Estimation of Probable. By E. L. Ickes. 

van der Gracht, W. A. I. M. van Waterschoot. Memorial of Jan Versluys 

. Ouachita Boulder Problem. Discussion 

. Possibility of Oil and Gas Production from Paleozoic Formations in 

Europe 

Veatch, a C. Evolution of the Congo Basin. Review by Ralp hD. Reed... 

Venice and Del Rey Fields, California, and of Schist- 
Clastics. By William H. Corey . 

Ventura Basin, California . 

Ver Wiebe, W. A. Geosynclinal Boundary Faults. 

Versluys, Jan. Memorial by W. A. J. M. van Waterschoot van der Gracht 

Vertical Distribution of Bacteria in Marine Sediments. By Claude E. ZoBell and 
D. Quentin Anderson... 

Voitesti, I. P. Notiuni de Geologia Zacamintelor de Sare ‘(Notes on the > Geologic 
Accumulation of Salt). Review by Donald C. Barton 


Wade, Arthur. New Theory of Continental Spreading. Discussion 

. Petroleum Geology of Gondwana Rocks of Southern Brazil. Discussion 

Walker, Lucian. Memorial of Samuel Jefferson Caudill. _.. ; 

Wells Drilled in Northeastern Mexico. Geological Note by William G. Kane . 

Wendlandt, E. A., Talco Field, Titus and Franklin Counties, Texas. Geological 
Note 

Western Australia, Geology of Northwest Basin. ‘By D. Dale Condit, H. G. 
Raggatt, and Eric A. Rudd. 

Wheeler, Harry Edgar. Timothy Abbott Conrad, with Particular Reference to 


His Work in Alabama One Hundred Years Ago. Review by Katherine V. W.. 


Palmer . 
White, David. Appreciation by Edward W. Berry. The Association Round Table 
vm  paaeaaed Acceptance of, by A. Linscheid. The Association Round 
. Memorial by Hugh D. Miser 
, Memorial. to. By Taisia Stadnichenko. The Association Round Table. 
White, P. Geology of Tampico Region, Mexico. Discussion... 
Whitehead, Robert Brooks. Memorial by J. Elmer Thomas. 
Wildcat Land, Estimation of Probable Value of. By E. L. Ickes. 
Willson, Kenneth, and Durward, Robert. Memorial of Melvin J. Collins . 
Wilson, i, Charles W. Geology of Nye-Bowler Lineament, Stillwater and 
Carbon Counties, Montana. 
Wilson, Jr., Charles W., and Spain, Jr., E. L. “Age of Mississippian “Ridgetop 
Shale” of Central Tennessee 


. Upper Paleozoic Development of Nashville Dome, Tennessee. 

Wilson, W. B. Review of Petroleum, Twenty-Five Years Retrospect, by 
Twenty-Five Authors... 

Woodring, W. P., Bramlette, M. N., and Kleinpell, R. M. Miocene e Stratigraphy 
and Paleontology of Palos Verdes Hills, California. 

World Petroleum Congress, Second, Paris, June 14-19, 1937 

Wyoming, Frontier-Niobrara Contact in Laramie Basin. By Horace D. Thomas 


Young, Karl Etienne. Memorial by Henry V. Howe 


Zinc and Lead Deposits of Northern Arkansas. By Edwin T. McKnight. Review 
by Hugh D. Miser 

ZoBell, Claude E., and Anderson, D. Quentin. Vertical Distribution of Bacteria 
in Marine Sediments 


1721 


677 
15 
270 
1005 
1149 
1125 


1476 
226 


150 
1644 


gio 
1149 
258 
108 


317 
984 
118 
478 


978 


1028 


321 
628 


632 
625 
630 
1494 
1270 
1005 
841 


1161 


805 
1071 


829 
125 
1521 


1189 


1150 


322 


258 


| 
a 

|_| 

| | 

| = 
| 

ae 


| 
pai | 
a 
4 q 
| 
a 


BULLETIN 
of the 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


ree 


ia 

: 

| 

] 
| 

hi 


i 
x 
| 
: 
ee 
i 
4 
q 
Py 
| 


GENERAL 


APPALACHIAN 


South 
NORTH CENTRAL STATES 
KANSAS 
OKLAHOMA 
Western 
Eastern 
TEXAS 
North and Central 
Northeastern 
Panhandle 


San Antonio 
Permian Basin 
GULF COAST 


ARKANSAS AND NORTH LOUISIANA 
ROCKY MOUNTAIN 
CALIFORNIA 


FOREIGN 
ener 
Europe and Mediterranean 


Canada 


BULLETIN 
of the 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


L. C. SNIDER, Editor 


Citres SERVICE COMPANY, 60 WALL StREET, New York City 


ASSOCIATE EDITORS 


K. C. HEALD, The Gulf Companies, Box 1214, Pittsburgh, Pa. 
HUGH D. MISER, U. S. Geological Survey, Washington, D.C. 
THERON WASSON, Room 2308, 35 E. Wacker Drive, Chicago, III. 


OHN R. agi Penn-York Natural Gas Corp., Coudersport, Pa. 
YILLIAM O. BOLD, 1572 Virginia Street, Charleston, W. Va 
W. A. THOMAS TThe McClanahan Oil Company, Mt. Pleasant, Mich. 

ANTHONY FOLGER, Gypsy Oil Company, Wichita, Kan. 


ROBERT H. DOTT, Oklahoma Geological Survey, Norman, Okla. 
IRA H. CRAM, The Pure Oil Company, Box 271, Tulsa, Okla. 


3B B. ata ey, Gulf Production Company, Fort Worth, Tex. 
DLANDT, Humble Oil and Refining Company, Tyler, Tex. 

VICTOR x COTNER, Columbian Carbon Company, 41 E. 42 St., 

New York, N. Y. 

HERSCHEL H. COOPER, rors Milam Building, San Antonio, Tex. 

HAL P Fe 18 Enfield Road, Austin, Tex. 

SIDNEY A. JUDSON, Texas Gulf Producing ge Houston, Tex. 

L. P. TEAS, Humble Oil and Refining Company, Houston, Tex. 

C.L. MOODY, Ohio Oil Company, Shreveport, La. 

A. E. BRAINERD, Continental Oil Company, Denver, Colo. 

W.S. W. KEW, Standard Oil Company, Los Angeles, Calif. 

W. D. KLEINPELL, Box 1131, Bakersfield, Calif. 


MARGARET C. COBB, Room 2703, 120 Broadway, New York, N.Y. 

W. P. HAYNES, The ee Oil Company of New Jersey, 30 Rocke- 
feller Plaza, New Yor 

THEODORE A. LINK” Sonal Oil, Ltd., Calgary, Alberta 


VOLUME 20 


JANUARY— DECEMBER 1936 


PART I 


PAGES 1-848 


ASSOCIATION HEADQUARTERS 
BOX 1852, TULSA, OKLAHOMA 


| 
| a 
| 
4 f 
% 
te 
2 
| = 
| 


THE AMERICAN ASSOCIATION OF 


D. REED, President 
be Los Angeles, California 
Cartes H. Row, Secretary-Treasurer 


PETROLEUM GEOLOGISTS, INC. 


OFFICERS FOR THE YEAR ENDING MARCH, 1937 


Carro.t E. Dossin, Vice-President 
Denver, Colorado 
L. C. SNrpER, Editor 


_: San Antonio, Texas New York, N.Y. 
4 oi (The foregoing officers, together with the Past-President, A. I. LEvoRSEN, 
os Tulsa, Oklahoma, constitute the Executive Committee) 
DISTRICT REPRESENTATIVES 
at . ; (Representatives’ terms expire immediately after annual meetings of the years shown in parentheses) 
- 7D. = Jr. (1938), Amarillo, T wen F Bak ( ), New York, N.Y. 
ompson, Jr. (1938), Amarillo, Tex. er (1937), New York, } 
> Appalachia: aa Pacific Coa. 
James Jr. (1937), Oil City, Roy Barnes (1937), Los Angeles, Calif. 
4 a. Louis N. Waterfall (1937), Los Angeles, Calif. 
ae Cana Harold W . Hoots (1938), Los Angeles, Calif. 
P: Theodore A. Link (1937), Calgary, Canada Rocky Mountains 


Capital 
Arthur A. Baker (1938), Washington, D.C. 


7 R. E. Rettger (1938), Dallas, Tex. 
East Oklahoma 
Ira H. (1937), Tulsa, Okla. 
E. hea (1937), Tu la. 
~ C. G. Carlson (1938), Tulsa, Okla. 
Fort Worth 
. H. B. Fuqua (1937), Fort Worth, Tex. 
Great Lakes 
2 F. W. DeWolf (1937), Urbana, Ill. 


ouston 
Kenneth Dale Owen (1937), een, Tex. 
J. Brian Eby (1938), Houston, 


J. Harlan Johnson (1937), Golden, Colo. 
San Antonio 

Thornton Davis (1937), San Antonio, Tex. 
Shreveport 

G. W. Schneider (1937), Shreveport, La. 
South America 

L. (1937), Maracaibo, Venezuela, 


So. Permian Bas 
Robert L. Comnen (1937), San Angelo, Tex. 
er 
James W. Kisling, Jr. (1937), Tyler, Tex. 
West Oklahoma 
os, = Maddox (1937), Oklahoma City, 


Mex ichita 
A. Baker (1937), Tampico, Mexico J. Stafford (1937), Wichita, Kan. 
Wills (1937), Roswell, New Mexico Maucini (1938), Wichita Falls, Tex. 
DIVISION REPRESENTATIVES 
' Paleontology and Mineralogy Geophysics 
a Gayle Scott (1937), Fort Worth, Tex. Gerald H. Westby (1937), Tulsa, Okla. 
* Maynard P. White (1937), Ardmore, Okla. 
e OFFICERS FOR THE YEAR ENDING MARCH, 1936 


President: A. 1. LEVORSEN 
Secretary-Treasurer: ERNEST C. MONCRIEF 


Vice President: FRANK A. MORGAN 


Editor: L. C. SNIDER 


um (The foregoing officers, together with the Past-President, W1LL1AM B. HERoy, 
ie New York, N. Y., constitute the Executive Committee) 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


COPYRIGHT 1936 BY 
a 


PUBLISHED 


MO 


NTHLY 


ee Composed and Printed by 


isconsin, 


2 


| 
| 
| 
= 
| 
| 


CONTENTS OF VOLUME 20 
PART I 


NUMBER 1 


PETROLEUM PRODUCTION AND Suppty. A Special Committee of the 
American Petroleum Institute ; 

PROBABLE PETROLEUM SHORTAGE IN THE UNITED STATES AND Metu- 
ODS FOR Its ALLEVIATION. L. C. Snider and B. T. Brooks . 

STRUCTURE ELEMENTS OF Domes. Robert Balk 

CREEK SALT DomE, WASHINGTON County, TEXAS. W. B. Fergu- 
son and J. W. Minton : 

CHATTANOOGA SHALE IN OSAGE Counry, OKLAHOMA, AND ADJACENT 
AREAS. Constance Leatherock and N. W. Bass . 

DISCUSSION 
Carbon Ratios North of the Ouachitas, D. Jerome Fisher 
Carboniferous Rocks at Jackson, Mississippi, Watson H. Monroe 

REVIEWS AND NEW PUBLICATIONS ‘ 

THE AssocIATION RouND TABLE 

MEMORIAL 
Samuel Jefferson Caudill, Lucian Walker 

At AND ABROAD 


NUMBER 2 


MIOCENE STRATIGRAPHY AND PALEONTOLOGY OF PALOS VERDES 
Hitts, Cattrornia. W. P. Woodring, M. N. Bramlette, and 
R. M. Kleinpell 

AGE AND CORRELATION OF SCHIST- BEARING Crastics, VENICE AND 
Det Rey Fretps, CAttrorntA. William H. Corey 

Hoskins Mowunp SALT Dome, Brazoria County, Texas. Archer H. 
Marx . 

LATE RECENT History OF COTE BLANCHE SALT Dome, SAINT Mary 
ParisH, Loutstana. Donald C. Barton 

FreLp PHoroGRApPHy FOR Geo ocists. F. T. Thwaites. 

REFUGIAN STAGE OF Pactric Coast TERTIARY. Hubert G. Schenck 
and Robert M. Kleinpell. 

REVIEWS AND NEW PUBLICATIONS 

Tue AssociATION RouND TABLE 

MEMORIAL 
Eugene Wesley Shaw, A. C. Trowbridge 
Russell Fossler Ryan, se C. Cortes 

At AND ABROAD 


102 


107 
113 


118 
120 


125 


150 


155 


179 
186 


215 
226 
233 


239 
240 
242 


| 4 
| 
_ 
| 
| a 
| | 
| 
j 
; 
| I 
| 15 
51 
68 
gI 
é 
106 
} 
| 
7 
= 
Vv 
| | 
| 


vi CONTENTS OF VOLUME 20 


NUMBER 3 


PROPORTION OF ORGANIC MATTER CONVERTED INTO OIL IN SANTA FE 
SPRINGS FIELD, CALIFORNIA. Parker D. Trask 

VERTICAL DISTRIBUTION OF BACTERIA IN MARINE SEDIMENTS. Claude 
E. ZoBelle and D. Quentin Anderson . 

Rock TEMPERATURES AND DEPTHS TO NORMAL Bortinc OF 
WATER IN THE UNITED States. H. Cecil Spicer 

ORIGINS OF PETROLEUMS: CHEMICAL AND GEOCHEMICAL AsPEcTs. 
Benjamin T. Brooks 

SomME TENTATIVE CORRELATIONS ON THE Basis OF GRAPTOLITES OF 
OKLAHOMA AND ARKANSAS. Charles E. Decker . 

GEOLOGICAL NOTES 
Correlation of Bluejacket Sandstone, Oklahoma, C. H. Dane 

and T. A. Hendricks 

DISCUSSION 

Corpus Christi Structural Basin Postulated from Salinity Data, 
W. Armstrong Price. 

New Theory of Continental Spreading, Arthur W ade 

REVIEWS AND NEw PUBLICATIONS 

THE AssocriATION RouND TABLE 

MEMORIAL 
Charles D. Gleason, H. S. M — 

At Home AND ABROAD 


NUMBER 4 
SyMPosiIuM ON MExIco 
Foreworp. A. I. Levorsen 
PETROLEUM GEOLOGY AND THE AMERICAN ASSOCIATION ¢ OF PETROLEUY M 
Geo toeists. A. I. Levorsen 
SYNOPSIS OF THE GEOLOGY OF MEXxIco. Manuel Santillan ; 
STRUCTURAL GEOLOGY OF BORDER PROVINCE OF NORTHEASTERN 
Mexico ADJACENT TO ZAPATA AND STARR ee TEXAS. 
William G. Kane 
PALEOGEOGRAPHY OF PARTS OF BoRDER PROVINCE OF Mexico Ap- 
JACENT TO West Texas. Lewis B. Kellum . 
MICROPALEONTOLOGY IN MEXICO WITH SPECIAL REFERENCE TO THE 
Tampico EmBAYMENT. Reginald Wright Barker. ; 4 
GrEoLtocic Roap Loc or PAN-AMERICAN HiGHway, LAREDO TO 
Mexico City, with Map. San Antonio Geological Society 
Map or REGIONAL GEOLOGY ALONG NATIONAL RAILWAY OF MEXIco, 
LareEpo To Mexico Cry. San Antonio Geological Society . 
Grotocic Roap Loc TAMAULIPAS AND NuEvo LEON, MExIco, 
witH Map. San Antonio Geological Society 
GEOLOGICAL NoTES 
Wells Drilled in Northeastern Mexico, William G. Kane . 
Ouachita Boulder Problem, Oklahoma and Arkansas, William 
Kramer, Philip B. King, and Hugh D. Miser . 
Distribution of Eocene Rocks in Santa Lucia Mountains, Cc ali- 
fornia, C. Lathrop Herold 
“Potamides Matsoni”’ Zone of Texas (Burkville Beds), Alva C. 
Ellisor 


245 


258 
270 
280 


301 


312 


315 
317 
318 
332 


382 
383 


385 


387 
394 


403 


494 


' 
|_| 
3 | 
a | 
= | 
| 
| 
433 
457 
4 467 
? 478 4 
7 479 | 
| 
491 


CONTENTS OF VOLUME 20 


REVIEWS AND NEw PUBLICATIONS 
Tue ASSOCIATION ROUND TABLE 
MEMORIAL 
Charles Thomas Lupton, C. J. Hares . 
At AND ABROAD 


NUMBER 5 


STRATIGRAPHIC VERSUS STRUCTURAL ACCUMULATION. A. I. Levorsen. 

ORANGE, TEXAS, O1L FIELD. Alexander Deussen and E. W. K. Andrau 

GEOLOGY AND GEOPHYSICS SHOWING Cap Rock AND SALT OVERHANG 
or Hicu Istanp Dome, GALvEston County, Texas. Michel 
T. Halbouty 

RESEARCH NOTES 

THE AssocIATION RouNnD TABLE 

At Home AND ABROAD 


NUMBER 6 


MARINE UNCONFORMITIES, MARINE CONGLOMERATES, AND THICK- 
NESSES OF STRATA. W. H. Twenhofel . 
MOovEMENTS OF GRouND Water. O. E. Meinzer . 
Satt-Dome Statistics. George Sawtelle 
ConROE Ott FIELD, Texas. Frank W. Michaux, Jr., and E. 0. Buck . 
Ort Poot oF OPEN RESERVOIR Type. John Emery Adams . 
SOURCE MATERIAL FOR PETROLEUM AND Natural Gas. Wilbur Stout. 
AGE oF Muississipp1 ““RIDGETOP SHALE” OF CENTRAL TENNESSEE. 
Charles W. Wilson, Jr., and E. L. Spain, Jr... 
PRICE OF CRUDE OIL IN PERSPECTIVE. Joseph E. Pogue 
GEOLOGICAL NOTES 
Nomographic Solution for Apparent Dip in Vertical Section 
not Perpendicular to Strike, Curtis H. Johnson 
DIscussION 
Gondwana Rocks and Geology of Petroleum of Southern Brazil, 
Victor Oppenheim 
Climatology of Brown’s Hypothesis on 1 Origin of Gulf Border 
Salt Deposits, Richard Joel Russell and Levi S. Brown . é 
Photography for — Duncan McConnell and F. T. 
REVIEWS AND NEW PUBLICATIONS 
Tue AssociaTION RouND TABLE 
MEMORIAL 
Melvin J. Collins, Robert Durward and Kenneth Willson . 
Vachel Harry McNutt, E. H. Finch 
At AND ABROAD 


ERRATA 


Page 450: last reference listed under Murr, “Sobre el hallazgo.. . 
should be added to references under MULLERRIED on page 451. 
Page 569, line 15: ‘“‘Rotalia beccarii (Linne)”’ should be ‘‘Discorbis cf. 
D. vilardeboana.”’ 


vii 


496 
509 


512 
516 


521 
531 


560 
612 
621 
673 


677 
704 
726 
736 


780 
797 
805 
810 


816 


819 


| 
| i 
| 5 
| - 
| 
827 
| 829 
839 
841 
842 
845 


wel 
. 
ul 
af 
| 
| 
| 
| 
| 


BULLETIN 
of the 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


| 
| 
| 
; 


2 
afl 
‘ 
| 
aiid 
we 
q 
A 


BULLETIN 
of the 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


L. C. SNIDER, Editor 


Crtres Service CoMPANy, 60 WALL STREET, New York City 


NORTH CENTRAL STATES 
KANSAS 
OKLAHOMA 
Western 
Eastern 
TEXAS 
North and Central 
theas' 


San Antonio 
Permian Basin 
GULF COAST 


ASSOCIATE EDITORS 


K. C. The Companies, Box 1214, Pa. 
HUG MISER S. Geological Survey, Washington, D.C. 
FYERON WASSON. 1 Room 2308, 35 E. Wacker Drive, Chicago, Il. 


OHN R. REEVES, Penn-York Natural Gas Corp., Coudersport, Pa. 
ILLIAM O. ZIEBOLD , 1572 Virginia Street, C arleston, W. Va. 
W. A. THOMAS, The McClanahan Oil Company, Mt. Pleasant, Mich. 

ANTHONY FOLGER, Gypsy Oil Company, W Jichita, Kan. 


ROBERT H. DOTT, Oklahoma Geological Survey, N 4 Okla. 
IRA H. CRAM, The Pure Oil Company, Box 271, Tulsa, Ok la. 


J.B. Gulf Production Company. Fort Worth, Tex. 

E. A. WEN T, Humble Oil and ning Company, ler, Tex. 

“i i, E. "COIN ER, Columbian Carbon Company, 41 E. 42 St., 
ew 

HERSCHEL H. COOPER, rors Milam Building, San Antonio, Tex. 

HAL P. BYBEE, 18 Enfield Road, Austin, Tex 

SIDNEY A. J UDSON, Texas Gulf Producing Conn ny, Houston,Tex. 

L. P. TEAS, Humble Oil and Refining Company, Houston, Tex. 


ARKANSAS AND NORTH LOUISIANA C. L. MOODY, Ohio Oil Cement, en 


ROCKY MOUNTAIN 
CALIFORNIA 


FOREIGN 
General 
Europe and Mediterranean 
Canada 


A. E. BRAINERD, Continental Oil Com y, Denver, Colo. 
W.S. W. KEW, Standard Oil Company Angeles, Calif. 
W. D. KLEINPELL, Box 1131, Bakersfield, Calif 


MARGARET C. COBB, Room 2703, 120 Broadway, New York, N.Y. 

W. P. HAYNES, The Standard Oil ompany of New Jersey, 30 Rocke- 
feller Plaza, New York, N. Y 

THEODORE A. LINK, Imperial Oil, Ltd., Calgary, Alberta 


VOLUME 20 


JANUARY— DECEMBER 1936 


PART II 


PAGES 849-1721 


ASSOCIATION HEADQUARTERS 
BOX 1852, TULSA, OKLAHOMA 


GENERAL - 
North 
South 4 
| Panhandle 
By 
2 
4 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS, INC. 


OFFICERS FOR THE YEAR ENDING MARCH, 1937 


D. REED, President 
Los Angeles, California 

H. Row, Secretary-Treasurer 
San Antonio, Texas 


CarRROLL E. Dossin, Vice-President 
Denver, Colorado 

L. C. SNwwER, Editor 
New York, N.Y. 


(The foregoing officers, together with the Past-President, A. 1. LEVoRSEN, 
Tulsa, Oklahoma, constitute the Executive Committee) 


DISTRICT REPRESENTATIVES 


(Representatives’ terms expire immediately after annual meetings of the years shown in parentheses 


Amarillo 
J. 


Appalachian 


om G. Montgomery, Jr. (1937), Oil City, 


a. 
Canada 
Theodore A. Link (1937), Calgary, Canada 
Capital 
Arthur A. Baker (1938), Washington, D.C. 


R. E. Rettger (1938), Dallas, Texas 
East Oklahoma 
Ira H. Cram (1937), Tulsa, a. 

E. F. Shea (1939), Tulsa, Okla 

C. G. Carlson (1938), Tulsa, Okla. 
Fort Worth 

H. B. Fuqua (1937), Fort Worth, Tex. 
Great Lakes 

F. W. DeWolf (1937), Urbana, Ill. 
Houston 

Kenneth Dale Owen (1937), Houston, Tex. 
J. Brian Eby (1938), Houston, Tex. 
Mexico 

William A. Baker (1937), Tampico, Mexico 


New Mexico 
Neil H. Wills (1937), Roswell, New Mexico 


D. Thompson, Jr. (1938), Amarillo, Tex. 


New 
F Baker (1937), New York, N.Y. 
Ese 


Roy uM Barnes (1937), Los Angeles, Calif. 
Louis N. Waterfall (1937), Los Angeles, Calif. 
Harold W. Hoots (1938), Los Angeles, Calif. 
Rocky Mountains 

J. Harlan Johnson (1937), Golden, Colo. 
San Antonio 

Thornton Davis (1937), San Antonio, Tex. 
Shreveport 

G. W. eed (1937), Shreveport, La. 
South Americ 

L. w. Henry (1937), Maracaibo, Venezuela, 
So. Permian Basin 
rs Robert L. Cannon (1937), San Angelo, Tex. 

yler 

James W. Kisling, Jr, (1937), Tyler, Tex. 
West Oklahoma 

Maddox (1937), Oklahoma City, 


Wichita 
Clare J. Stafford (1937), Wichita, Kan. 
Wichita Falls 

J. J. Maucini (1938), Wichita Falls, Tex. 


DIVISION REPRESENTATIVES 


Paleontology and Mineral: 
Gayle Scott (1937), Fort Worth, Tex. 
Maynard P. White (1937), Ardmore, Okla. 


Geophysics 
Gerald H. Westby (1937), Tulsa, Okla. 


OFFICERS FOR THE YEAR ENDING MARCH, 1936 


President: A. 1, LEVORSEN 


Secretary-Treasurer: ERNEST C. MONCRIEF 


Vice-President: FRANK A. MORGAN 
Editor: L. C. SNIDER 


(The foregoing officers, together with the Past-President, W1Lt1AM B. HERoy, 
New York, N. Y., constitute the Executive Committee) 


COPYRIGHT 1936 BY 
THE AMERICAN ASSOCIATION OF 
PetroLeuM GEOLOGISTS 


PUBLISHED 
MONTHLY 


Composed and Printed by 
George Banta Publishing 
enasha, Wisconsin, U.S.A. 


a 
J | 
ra 


CONTENTS OF VOLUME 20 
PART II 


NUMBER 7 


PRESENT TECTONIC STATE OF THE EARTH. Hans Stille . 
GEOLOGY AND BITUMENS OF THE DEAD SEA AREA, PALESTINE AND 
TRANSJORDAN. Frederick G. Clapp 
GEOSYNCLINAL BounDARY Fau cts. W. A. Ver Wiebe . 
RECENT DISCOVERIES AND PRESENT OIL SUPPLY IN CALIFORNIA. 
Harold W. Hoots 
PRELIMINARY REPORT ON THE FITTs Poot, Pontotoc County, 
HoMA. Don L. Hyatt 
GEOLOGICAL NOTES 
Development and Production, East Texas District, Wallace 
Ralston . 
Talco Field, Titus and Franklin Counties, Texas, E. A. Wend- 
landt . 
DIscuUssION 
Position of Cambrian-Ordovician Boundary in Section of Ar- 
buckle Limestone Exposed on Highway 77, Murray County, 
Oklahoma, Josiah Bridge 
Petroleum Geology of Gondwana Rocks of Southern Brazil, 
Arthur Wade . ; 
Conroe Oil Field, Texas, Donald W. Gravel and Morcus A, 
Hanna ; 
REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION ROUND TABLE 
MEMORIAL 
L. G. Putnam, D. Dale Condit 
Conrad Schlumberger, £. G. Leonardon 
At Home ABROAD 


NUMBER 8 


ESTIMATION OF PROBABLE VALUE OF WILDcaT LAND. E. L. Ickes . 

HEBRON Gas FIELD, PotrerR County, PENNSYLVANIA. John R. Reeves 

GEOLOGY OF NoRTHWEST BASIN, WESTERN AvusTRALIA. D. Dale Con- 
dit, H. G. Raggatt, and Eric A. Rudd 

UPPER PALEOZOIC DEVELOPMENT OF NASHVILLE DomE, TENNESSEE. 
Charles W. Wilson, Jr., and E. L. Spain, Jr. 

Use oF INSOLUBLE RESIDUES FOR CORRELATION IN OKLAHOMA. Hu- 
bert Andrew Ireland 


1005 
1019 


1028 
1071 


1086 


| 
| 
| 849 
881 
gio 
939 4 
951 
975 
978 # 
980 
984 
985 
i 987 
994 
997 
999 
| 
| | 
| 
| 
v 


vi CONTENTS OF VOLUME 20 


,GEOLOGICAL NOTES 


Hardin Dome, Liberty County, Texas, O. L. Brace 
Radio Transmission and Geology, Edmund M. Spieker 
DIscuSSION 
Ouachita Boulder Problem, W. A.J. M. van Waterschoot van der 
Gracht 
Tectonics in Arbuckle and Ouachita Mountains, J ames H. 
Gardner . 
REVIEWS AND NEW PUBLICATIONS 
THE ASSOCIATION KOUND TABLE 
MEMORIAL 
Jan Versluys, W. A.J. M.van Waterschoot van der Gracht 
Karl Etienne Young, Henry V. Howe . 
At Home AND ABROAD 


NUMBER 9 


GEOLOGY OF NYE-BOWLER LINEAMENT, STILLWATER AND CARBON 
CountiEes, Montana. Charles W. Wilson, Jr. : 

FRONTIER-NIOBRARA CONTACT IN LARAMIE BASIN, WYOMING. Horace 
D. Thomas 

PROBLEMS OF PENNSYLVANIAN-PERMIAN BouNDARY IN SOUTHERN 
Nevapa. Chester R. Longwell and Carl O. Dunbar 

GEOLOGY OF DEVONIAN AREAS OF PARANA BASIN IN BRAZIL, Urv- 
GUAY, AND ParacGuay. Victor Oppenheim 

SUMMARY OF RECENT FOREIGN LITERATURE ON THE PROBLEM OF 
PETROLEUM GENERATION. Parker D. Trask 

GEOLOGICAL NOTES 
Notes on Southern Part of Permian Basin, W. C. Kinkel. 
Table of Tentative Lower Paleozoic Correlations on Basis of 

Graptolites, Charles E. Decker 

REVIEWS AND NEW PUBLICATIONS 

THE AssocrIATION RouND TABLE 

MEMORIAL 
Robert Brooks Whitehead, J. Elmer Thomas 
Wilson Keyes, Cary P. Butcher 

At Home AND ABROAD 


NUMBER 10 


PRINCIPAL PHYSIOGRAPHIC PROVINCES OF Mexico. Ezequiel Ordoifiez . 

DAWSON AND LARAMIE FORMATIONS IN SOUTHEASTERN PART OF 
DENVER Basin, Cotorapo. C. H. Dane and W. G. Pierce 

ORDOVICIAN FossIts FROM UPPER Part OF TYPE SECTION OF DEAD- 
woop Formation, SoutH Dakota. W. M. Furnish, E. J. Bar- 
ragy, and A. K. Miller a 

STRATIGRAPHY OF ARKANSAS-OKLAHOMA Coa BASIN. T. A. Hend- 
ricks, C. H. Dane, and M. M. Knechtel 

EVIDENCE OF RECENT MOVEMENTS ALONG FAULTS OF BALCONES 
SysTEM IN CENTRAL TExas. Frank Bryan . 


1122 
1123 
1125 
1127 
1130 
1146 
1149 


1153 


1161 
1189 
1198 
1208 
1237 
1250 
1252 
1258 
1262 
1270 


1272 
1274 


1277 


1308 


1329 
1342 


1357 


5 
a 
4 
| 
¥- 
ay 
| 
| 
14, 
| 
= 
‘ 
+ 


CONTENTS OF VOLUME 20 


GEOLOGICAL NOTES 
Search for Oilin Miirefte, Turkey, Cevat nis a 
REVIEWS AND NEw PUBLICATIONS : 
RESEARCH NOTES 
Tue AssocriaTION RouND TABLE 
MEMORIAL 
Arthur Sidney Henley, R. P. 
At HomE AND ABROAD ‘ 


NUMBER 


DEVELOPMENT OF Porosity IN LIMESTONES. W. V. Howard and Max 
W. David . 

GEOMORPHOLOGY OF GULF Coast SALT STRUCTURES AND Irs Eco- 
Nomic APPLICATION. C. H. Ritz 

Summary DicEst or GEOLOGY OF TRINIDAD. H. G. Kugler 

PERMIAN AND PENNSYLVANIAN SEDIMENTS EXPOSED IN CENTRAL AND 
WEst-CENTRAL OKLAHOMA. Darsie A. Green 

POSSIBILITY OF O1L AND GAS PRODUCTION FROM PALEOZOIC ForMA- 
TIONS IN Europe. W. A. J. M. van Waterschoot van der Gracht 

DIscussION 
Geology of the Tampi-» Region, Mexico, M. P. White 
Graphic Method for !)ztermining True Dip from Two Com- 

ponents, John L. Rich 

REVIEWS AND NEW PUBLICATIONS 

Tue AssocIATION RouND TABLE 

At Home AND ABROAD 


NUMBER 12 


STRUCTURAL EVOLUTION OF SOUTHERN CALIFORNIA (With tectonic 
map in colors). R. D. Reed and J. S. Hollister . 
INDEX TO VOLUME 20 . : 


ERRATA 
Page 1273, last line: ‘Cary P. BuTcHER” should be J. H. McCuure. 


Vii 


1372 
1374 
1380 
1382 


1384 
1385 


1389 


1413 
1439 


1454 
1476 
1494 
1496 
1497 


1523 


1529 
1705 


| 
A 
| 
| 
4 


; 
— 
* 
ot 
E> 
f 
ay. 
= 
43 
| 
4 
= 
= 
| 
i 
{ 
, 
4 
4 


Bulletin of The American Association of Petroleum Geologists, December, 1936 


BULLETIN 
of the 


AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
OFFICE OF PUBLICATION, 608 WRIGHT BUILDING, TULSA, OKLAHOMA 


L. C. SNIDER, Editor 
Crtres Service Company, 60 WALL Street, New York Crry 


ASSOCIATE EDITORS 
GENERAL K. C. HEALD, The Gulf Companies, Box 1214, Pittsburgh, Pa. 


HUGH D. MISER, U. S. Geological Survey, Washington, D. C. 
THERON WASSON, Room 2308, 35 E. Wacker Drive, Chicago, Ill. 


ALACHIAN 
North OHN R. REEVES, Penn-York Natural Gas Corporation, Coudersport, Pa. 
wt ZIEBOLD, 1572 Virginia Street, Charleston, W. Va. 


A. MAS, The McClanahan Oil Company, Mt. Pleasant, Mich. 
KANSAS ANTHONY FOLGER, Gypsy Oil Company, Wichita, Kan. 
OKLAHOMA - 
Western ROBERT H. DOTT, Oklahoma Geological Survey, Norman, Okla. 
Eastern IRA H. CRAM, The Pure Oil Company, Box 271, Tulsa, Okla. 
TEXAS 
North and Central ki B. ane, Gulf Production Company, Fort Worth, Tex. 
Northeastern . A. WENDLANDT, Humble Oil and Refining Company, Tyler, Tex. 
Panhandle VICTOR E. COTNER, Columbian Carbon Co., 41 E. 42d St., New York, N.Y. 
San Antonio HERSCHEL H. COOPER, rors Milam Building, San Antonio, Tex. 
Permian Basin HAL P. BYBEE, 18 Enfield Road, Austin, Tex. 
GULF COAST SIDNEY A. JUDSON, Texas Gulf Producing Company, Houston, Tex. 
. L.P. TEAS, Humble Oil and ay | Company, Houston, Tex. 
ARKANSAS AND NORTH LOUISIANA C. L. MOODY, Ohio Oil Company, Shreveport, La. 
ROCKY MOUNTAIN ; A, E. BRAINERD, Continental Vil Company, Denver, Colo. 


CALIFORNIA W. S. W. KEW, Standard Oil Company, Los Angeles, Calif 
; W. D. KLEINPELL, Box 1131, Bakersfield, Calif. 


General MARGARET C. COBB, Room 7° 120 Broadway, New York, N. Y. 
Europe and Mediterranean W.P.HAYNES, Elmlea, Boxfor ass. 
Canada THEODORE A. LINK, Imperial Oil, Ltd., Calgary, Alberta 


FOREIGN 


Tue BULLETIN oF THE AMERICAN ASSOCIATION OF PETROLEUM GEoLOGIsTs is published by the Association 
on the 15th of each month. Editorial and publication office, 608 Wright Building, Tulsa, Oklahoma, Post Office 
Box 1852. Cable address, AAPGEOL. 

THE SUBSCRIPTION PRICE to non-members of the Association is $15.00 per year (separate numbers $1.50) 

id to addresses in the United States. For addresses outside the United States, an additional charge of $0.40 
is made on each subscription to cover extra wrapping and handling. 

British agent: Thomas Murby & Co., 1 Fleet Lane, Ludgate Circus, London, E. C. 4. 

German agent: Max Weg, Kénigstrasse 3, Leipzig, Germany. 

CLAIMS FOR NON-RECEIP7 of preceding numbers of THE BULLETIN must be sent to the business manager within 
three months of the date of publication in order to be filled gratis. 


BACK NUMBERS OF THE BULLETIN, as available, can be ordered from Association headquarters. Cloth-bound 
Vol. 2(1918), $4.00; Vol. 3 (1919), $5.00; Vol. 5 (1921), $12.00; Vols. 11 (1927) to 16 (1932), Vol. 18 (1934) Vol. 
19 (z935), each $17.00. Other volumes, — separate numbers, and a few nearly complete sets are available. 

escriptive price list sent on request. Special prices to members and associates. Discounts to libraries. Detailed 
10-Volume Index (1917-1926), $1.00. Structure of Typical American Oil Fields, Vols. I and II (1929), each volume 
$7.00 ($5.00 to members and associates). Stratigraphy of Plains of Southern Alberta (1931), $3.00. Geology of California 
(1933), $5.00. Problems of Petroleum Geology (1934), $6.00 ($5.00 to members and associates). Geology of Natural 
Gas (1935), $6.00 ($4.50 to members and associates). Geology of Tampico Region, Mexico (1936), $4.50 ($3.50 to 
members and associates). Structural Evolution of Southern California (1936) , $2.00. Gulf Coast Oil Fields (1936), os 
($3.00 to members and associates) . 


Tue BuLtetin furnishes thirty-five reprints of major papers. Additional reprints and covers for all or part 
are furnished at cost. ORDERS FOR REPRINTS should accompany corrected galley proof. 


Association Headquarters—608 Wright Building, rrs and 117 West Third Street, Tulsa, Oklahoma. 

Communications about the Bulletin, manuscripts, editorial matters, subscriptions, special rates to 
public and university libraries, publications, hip, change of address, advertising rates, and 
other Association business should be addressed to 


THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS, INC. 
BOX 1882 
TULSA, OKLAHOMA 


isconsin, under the Act arch 3, 1879. Acceptance for mailing at special rate of postage provi: ‘or in section 
1103, Act of October 3, 1917, euthediond March 9, 1923. 


eee i i 
g 
| 
APP 
‘ext 
| 
| 
} 
; 
: 
| 
* 


Bulletin of The American Association of Petroleum Geologists, December, 1936 


THE AMERICAN ASSOCIATION OF 
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RECORD 


& 


USE HBzs FOR RECORDINGS 


In Geophysical recordings, where contrast is of first importance, Haloid 
Record meets your most exacting requirements. Blacks are solid, deep, 
jet blacks . . . whites are snowy brilliant. Under adverse conditions, Haloid 
Record is noted for its consistently fine uniformity. 

Grade HB 28 (sensitized on L. L. Brown Linen Ledger) . . . 100% white 
rag content—is tremendously strong. Resists the most severe abuse. Re- 
duces curl and emulsion breaks to a minimum. Worth its slight additional 
cost. 


Haloid Record Ideal For Field or Laboratory 


Haloid Record Grade B is sensitized on a regular grade base stock. High quality 
record emulsion . . . same vivid contrast. Costs less than Grade HB 28 or other re- 
cording papers on a similar stock. 


Prove Haloid Record superiority at our expense. Send for FREE sample F 
roll of either Haloid Record Grade HB 28 (L. L. Brown Linen Ledger q 
stock) or Haloid Record Grade B (regular stock) ; with price lists and 
discounts. 


THE HALOID COMPANY, ROCHESTER, N. Y. 
pS Seniligers fr JO 
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H-K Clinogragh 


clination. Uses floating compass not subject to breakage; 
] is self-checking and reliable. Used in open holes only. 
Lowered on a sand or bailing line at a speed ranging from 


400 to 800 feet per minute. Records on paper discs are 


Records in single reading ly and ically 
self by photography, both the amount and the direction of in- 


available within five mi after ing instrument 
from hole. (U. S. Patent 1,812,994, 2,027,642; and others 
pending.) 


SURWEL Gyroscopic 
Clinograph 


The most accurate and reliable method ever devised for 


_ yy making underground surveys of bore holes, providing a 
true map of the course of the well at all depths, prepared 
as Y “4 from actual photographic records. Not affected by Tor- 


tuosity nor by Magnetic influence nor human errors when 
recording. Self-checking, makes two surveys in one round 
trip, one going in and one coming out. Speedy opera- 
tion, requires less rig time than any other instrument. 
(U. S. Patents 1,124,068; 1,812,994; 1,898,473; 1,959,141; 
1,960,038; 2,006,556; 2,012,138; 2,012,152; 2,012,455; 
2,012,456, and others pending.) 


SYFO Clinograph 


« @ Records accurately on paper directly readable the vertical 


‘ ° deviation of a bore hole without the use of dangerous 
oy acids. Is speedy, self-checking, simple to operate and in- 
j expensive. Can be used on a wire line or as a “‘Go-Devil” 

4 running inside the drill stem or on sand or bailing line 
= The in open hole. (U. S. Patents 1,962,634; 2,013,875, and 
f others pending.) 


SPERRY-SUN WELL SURVEYING COMPANY 


4 1608 Walnut Street, Philadelphia, Pa. 


TULSA, OKLAHOMA HOUSTON, TEXAS _ LONG BEACH, CALIF. 
425. Petroleum Building 3118 Blodgett Avenue 549 E. Bixby Rd., (3800 Block—Atlantic Ave.) 


A CHECK THE ADVANTAGES 
all 3 of these 
da | SURVEYING | 
INSTRUMENTS | 
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SPENCER FLASH-O-LENS 


An Illuminated Magnifier Especially Valuable in Field Work 


On the occasions when direct light is not available on a specimen, this new 
Spencer Lens magnifier will prove a most convenient instrument. Carry it 
with you on field trips, or keep it handy in the laboratory, where it is valuable 
for preliminary examination of large specimens. 


Flash-O-Lens is well made and a handy size. The illumination is so ar- 
ranged that the specimen is flooded with light, and direct light does not reach 
the observer’s eye. It is made in two models—the battery type, using standard 
flashlight batteries, and the electric current type, using 110-120 volt, AC or DC. 


No. 685 Flash-O-Lens, Battery Type ................... $ 8.50 
No. 690 Flash-O-Lens, Electric Current Type .......... 11.50 


Write for literature on Flash-O-Lens, Wide Field Microscopes, 
or any Spencer Lens Products that interest you. 


Visit Our Booth No. 86 A.A.A.S. Convention 
December 28-January 1, Municipal Auditorium, Atlantic City, N.J. 


Spencer Lens Company 
Buffalo New York 


SPENCER LENS COMPANY 
Dept. C-12 
Buffalo, N.Y. 
Please forward... 
Spencer Flash-O-Lens $685 Battery Type 
Spencer Flash-O-Lens $690 Current Type 


(how many) 


If remittance is enclosed, please check this square [J 
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MULTIPLE METHOD 


of Subsurface Prospecting an Accepted Procedure 


Geophysics helps to limit drilling failures by the selection of the most 
promising areas for oil and gas accumulation. Many large operating companies 
use more than one method of subsurface prospecting as an accepted pro- * 


cedure. Why don't you follow this proven, pted practice in your geo- 


physical work? Askania equipment will help you to reduce guess work and 


possible errors. 


We will gladly confer with you regarding your requirements in geophysical 
instruments. Ask us for cost data and other information regarding your 


particular problems. A letter or a ‘phone call will be handied promptly. 


AMERICAN ASKANIA 
CORPORATION 


825-827 M. & M. BUILDING, HOUSTON, TEXAS 
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Articles For January Bulletin 


Geology of Black Knob Ridge, Oklahoma 
By T. A. Henpricks, M. M. and JostAn BrinGE 


Origin and Distribution of Bartlesville and Burbank Shoestring Oil Sands in Parts of 
Oklahoma and Kansas 


By N. Woop Bass, Constance LEATHEROCK, W. Reese DiLiarp, and LurHer E. 
KENNEDY 


Sandstone Porosities in Paleozoic Region in Arkansas 
By Georce C. BRANNER 


Micropaleontologic Analysis of Jackson Eocene of Eastern Mississippi 
By Emit Monsour 


Geological Exploration between Upper Jurua River, Brazil, and Middle Ucayali River, Peru 
By Victor OpPpENHEIM 


—S pecial— 
STRUCTURAL EVOLUTION OF SOUTHERN CALIFORNIA 


By R. D. Reep anp J. S. HoLuister 
is available in the standard binding of the Association: blue cloth, gold stamped, 6 x 9 inches, with 
colored map in pocket. Postpaid, §' 00 Extra — of the tectonic map, 27 x 31 inches, on strong 
ledger paper in roll: postpaid, $0.50. ORDER NOW 


The American Association of Petroleum Geologists, Box 1852, Tulsa, Oklahoma 


Seitz Integrating 
S 


tage 


for 
Planimetric 


Analysis 
of Minerals 


ma of field which can be covered is 18 x 18 At the end of one traversion, the spindles 

can be released and return automatically to 
Twe models available having 4 and 6 spindles _their initial positions so that one final read- 
respectively. ing covers many traversions. 


maa of the reading of displ 0.01 Adaptable to every Leitz Microscope. 


Write for Catalog IV-B. Also Reprint of: Geentetn Microscopic Methods With an Integrat- 
ing Stage Applied to Geological “i Metallurgical Problems, by F. E. Thackwell. 


Washington Chicago Detroit 
Western Agents: Spindler & Sauppe, Inc., Los Angeles—San Francisco 
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The continuous upward swing of Dowell 
service to oil producers results from the 
infallible impetus of spreading reputa- 
tion. Throughout the industry is a broad 
acceptance of Dowell methods and, par- 
ticularly, the safety and soundness 
of Inhibited acid. 


DOWELL INCORPORATED 


Subsidiary of THE DOW CHEMICAL COMPANY 


Executive Office: Midland, Michigan 
General Office: Kennedy Bldg., Tulsa, Okla. 


DISTRICT OFFICES 


HOBBS, NEW MEXICO SEMINOLE, OKLAHOMA TULSA, OKLAHOMA 
MT. PLEASANT, MICH. SHELBY, MONTANA WICHITA, KANSAS 
MIDLAND, TEXAS SHREVEPORT, LOUISIANA WICHITA FALLS, TEXAS 


OIL AND GAS WELL CHEMICAL SERVICE 
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PROFESSIONAL DIRECTORY 


Space for Professional Cards Is Reserved for 
Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 1852, Tulsa, Oklahoma 


CALIFORNIA 


WILLARD J. CLASSEN 
Consulting Geologist 
Petroleum Engineer 


1093 Mills Building 
SAN FRANCISCO, CALIFORNIA 


RICHARD R. CRANDALL 


Consulting Geologist 


404 Haas Building 
LOS ANGELES, CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


R. McCOLLOM 
Consulting Geologist 
Richfield Building 
Los ANGELES, CALIFORNIA 


WALTER STALDER 
Petroleum Geologist 


925 Crocker Building 
SAN FRANCISCO, CALIFORNIA 


IRVINE E. STEWART 
Consulting Geologist 


548 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


JACK M. SICKLER 
Geologist 


Pacific Mutual Building 
Los ANGELES, CALIFORNIA 


COLO 


RADO 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


— Instruments — 
— Surveys — Interpretations — 


C. A. HEILAND Club Bldg. 


President Denver, COLo. 


JOHN H. WILSON 
Geologist and Geophysicist 


Colorado Geophysical Corporation 


610 Midland Savings Building, Denver, COLORADO 
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CZECHOSLOVAKIA 


DR. HANS HLAUSCHEK 
Consulting Geologist 


Prague XVI, nabr. legii 10 
CZECHOSLOVAKIA 


KANSAS 


R. B. (IKE) DOWNING 
Geological Engineer 
Pipe setting—Drilling in—Sample determinations 
Surface and Subsurface Geology 
Magnetic Surveys 


Union National Bank Bldg. WICHITA, KANSAS 


L. C. MORGAN 
Petroleum Engineer and Geologist 
Specializing in Acid-Treating Problems 


358 North Dellrose 
Wicuita, Kansas 


LOUISIANA 


J. Y. SNYDER 


1211 City Bank Building 
SHREVEPORT, LOUISIANA 


No Commercial Work Undertaken 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La. 


NEW MEXICO 


NEW YORK 


RONALD K. DeFORD 


BROKAW, DIXON & McKEE 


Geologist Geologists Engineers 
OIL—NATURAL GAS 
ROSWELL MIDLAND Examinations, Reports, Appraisals 
New Mexico TExas Estimates of Reserves 
120 Broadway Gulf Building 
New York Houston 
NEW YORK 
FREDERICK G. CLAPP _ A. H. GARNER 
Geologist Engineer 
Consulting Geologist 
PETROLEUM 
50 Church Street NATURAL GAS 
— 120 Broadway New York, N.Y. 
OHIO PENNSYLVANIA 
JOHN L. RICH HUNTLEY & HUNTLEY 
Petroleum Geologists 
Geologist 


Specializing in extension of “‘shoestring’’ pools 


University of Cincinnati 
Cincinnati, Ohio 


and Engineers 


L. G. HuNTLEY 
J. R. Wyte, Jr. 


Grant Building, Pittsburgh, Pa. 
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xi 


OKLAHOMA 


ELFRED BECK 
Geologist 


614 National Bank of Tulsa Building 
TULSA OKLAHOMA 


GINTER CHEMICAL 
LABORATORY 


Analytical Work on 
Oil, Gas, Water and Cores 


R. L. GINTER 118 West Cameron 
Owner Tulsa 


W. V. HOWARD 
Geologist 
J. G. WRAY & CO. 


O peration—Ap praisal 


615 Wright Bldg. 3324 Bankers Bldg. 
TULSA CHICAGO 


MID-CONTINENT TORSION BALANCE SURVEYS 
INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


404 Broadway Tower Enid, Oklahoma 


R. W. Laughlin L. D. Simmons 
WELL ELEVATIONS 


Oklahoma, Kansas, Texas, and 


GEO. C. MATSON 


New Mexico Geologist 
LAUGHLIN-SIMMONS & CO. 
605 Oklahoma Gas Building Philcade Building Tutsa, OKLA. 
TULSA OKLAHOMA 
TEXAS” 
G. H. WESTBY 


Geologist and Geophysicist 


Seismograph Service Corporation 


D’ARCY M. CASHIN 
Geologist Engineer 


Specialist, Gulf Coast Salt Domes 


Examinations, Reports, Appraisals 


Kennedy Building Tulsa, Oklahoma Estimates of Reserves 
705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 
TEXAS 
E. DeGOLYER ALEXANDER DEUSSEN 
Geologist Consulting Geologist 


Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


Specialist, Gulf Coast Salt Domes 


1606 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 


Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


F B. Porter R. H. Fash 
President Vice-President 
THE FORT WORTH 
LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil. Inter- 
pretation of Water Analyses. Field Gas Testing. 


828Y2 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 
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TEXAS 
J. S. HupNALL G. W. Pirt.e 
DONALD C. BARTON 
& Geologist and Geophysicist 
Petroleum Geologists Humble Oil and Refining 
Company 
Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS HOUSTON TEXAS 
W. P. JENNY 
JOHN S. IVY Geologist and Geophysicist 
United Gas System Gravimetric Seismic 
Magnetic Electric 
2102 Bissonett HOUSTON, TEXAS 


PHILLIP MAVERICK 
Petroleum Geologist 


Western Reserve Life Building 


SAN ANGELO TEXAS 


DABNEY E. PETTY 
Geologist 


P. O. Drawer 1477. SAN ANTONIO, TEXAS 


E. E. Rosaire F. M. Kannenstine 


ROSAIRE & KANNENSTINE 
Consulting Geophysicists 
Specializing in 
Seismograph Explorations 
Esperson Building HOUSTON, TEXAS 


A. T. SCHWENNESEN 
Geologist 


1517 Shell Building 
HOUSTON 


OLAF F. SUNDT 
Geologist and Geophysicist 
Specializing in Gravity Work 


Phone Preston 4139 
Ho 


1312 Esperson Building 
ston, Texas 


W. G. Savitz J. P. Schumacuer A. C. PaGan 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


Phone: Capitol 1341 
TEXAS 


1404-10 Shell Bldg. 
HOUSTON 


HAROLD VANCE 
Petroleum Engineer 


Petroleum Engineering Department 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


WYOMING 


E. W. KRAMPERT 
Consulting Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL 


COLORADO KANSAS 
ROCKY MOUNTAIN KANSAS 
ASSOCIATION OF PETKOLEUM GEOLOGICAL SOCIETY 
GEOLOGISTS WICHITA, KANSAS 
; 705 Fo ationa an in; 
President - - 74 Bim Street Ross L. Heaton View. President harl . Roop 
Vice-Presid 237 W.C.T : Co., 605 Union “National Bank Building 
of Colorado, Boulder Treasurer old O. Smedley 
W. Oborne Skelly Oil Company, 510 Ellis Building 
37. “Colorado Regules Moetin : 7: P. Allis Howl. 
ecre. reasu Harlan John: 
Box 336, School of ‘Mines, Golden, Colo. 
Luncheon meetings, first and third Mondays of The Society sponsors the Kansas Well Log Bureau 


each month, 6:15 P.M., Auditorium Hotel. 


which is located at 412 Union National Bank 
Building. 


LOUISIANA 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - - Shapleigh G. Gray 
The “Texas 
Vice-President - . K. Shearer 
The Hunter Company, 
Secretary-Treasurer R. McKnight 
Arkansas Fuel Oil ane 


Meets the first Friday of every month, Civii Courts 
Room, Caddo Parish Court House. Luncheon every 
Friday noon, Caddo Hotel. 


THE SOCIETY OF 
PETROLEUM GEOPHYSICISTS 


President - L. W. Blau 
Humble Oil and Refining Company 
Houston, Texas 


Vice-President - - Gerald H. Westby 
Seismograph Service Corporation 
ulsa, Oklahoma 
Editor - - F. M. Kannenstine 
Rosaire and Kannenstine 
2011 Esperson Building 
Houston, Texas 
Secretary-Treasurer John H. Wilson 
Colorado Geo coph sical Corporation 
610 Midlan Savings Building 
nver, Colorado 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President - - - R, W. Laughlin 
First National Building 
Vice-President - Leland W. Jones 
Ohio Oil 


lenry Schweer 
2810 First National Building 


Meetings: Second Monday, each month, 8:00 P.M 
Commerce Exchange Building. Luncheons: Every 
Monday, 12:15 p.M., Commerce Exchange Building. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - - Jack M. Copass 
Amerada Petroleum Corporation 


Vice-President - - - + - Don L. Hyatt 
Carter Oil Company 
Secretary-Treasurer - M. C. Roberts 
The Texas Company 


Meets the fourth Monday of each month at 8:00 
P. a , at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President - Joseph L. Borden 
The Pure Oil ‘Company 
Vice-President - - Constance Leatherock 


The Tide Water Oil Company 
Secretary-Treasurer R. V. 
Shell Petroleum Corporation, Box 119 


Meetings: Second and fourth Wednesdays, each 
a, from October to May, inclusive, at 8:00 
, third floor, Tulsa Building. 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, 
President - R. B. Rutledge 
Skelly Oil Company 
1st Vice-President - G. S. Lambert 
Shell Petroleum Co oration 
2nd Vice- oy ucian H. Walker 
4 Atlas Life 
Secretary- _- rer - rry D. Simmons 
Oklahoma Natural Building 
Editor - . Redfield 
Stanolind Oil and Gas 
Meetings: First and third Mondays, each month, 
from October to May, inclusive, at 8:00 P.M., 
fourth floor, Tulsa Building. Luncheons: Every 
Thursday, fourth floor, Tulsa Building. 
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SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 


Box 1852, Tulsa, Oklahoma 


TEXAS 


DALLAS 
PETROLEUM GEOLOGISTS 


DALLAS, TEXAS 
President - - - - + - J. Hawley 
The California Company 


Vice-President - - Charles B. Carpenter 
U. S. Bureau of Mines 


Secretary-Treasurer - - - - - + R. A. Stehr 
Texas Seaboard Oil Company 


Meetings will be announced. 


FORT WORTH 
GFOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


President - - + + + Norman L. Thomas 
The Pure Oil Company 


Vice-President - - + J. F. Hosterman 
Amerada Petroleum Corporation 


Secretary-Treasurer_- - Paul C. Dean 
1818 W. T. Waggoner Building 


Meetings: Luncheon at noon, Worth Hotel, every 
Monday. Special meetings called by executive com- 
mittee. Visiting geologists are we!come to all 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


President - - - - - + + Phil F. Martyn 
Houston Oil Company of Texas 


Vice-President - - - - - - - QO. L. Brace 
813 Second Nationai Bank Building 
Secretary-Treasurer - - Wallace C. Thompson 
General Crude Oil Company, Esperson Building 


Regular meetings, every Thursday at noon (12:15) 
at the Houston Club. Frequent special meetings 
called by the executive committee. For any par- 
ticulars pertaining to meetings call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 
President - - S. G. Waggoner 


Consulting Geolo ist 
First National Bank Building 


Vice-President - - A. W. Weeks 
Shell Petroleum Corporation 
Secretary-Treasurer - M. L. Kerlin 


Shell Petroleum Corporation 


Meetings: Second Friday, each month, at 6:30 P.M. 
Luncheons: Fourth Friday, each month, at 12:15 


Place: Hamilton Building 


EAST TEXAS GEOLOGICAL 
SOCIETY 


TYLER, TEXAS 
President - - - - - - John W. Clark 
Magnolia Petroleum Company 


Vice-President - - - - Robert B. Mitchell 
Stanolind Oil and Gas Company 


Secretary-Treasurer - Robert L. Jones 
Empire Gas and Fuel Company 


Meetings: Monthly and by call. 
Luncheons: Every Friday, Cameron’s Cafeteria. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


SAN ANGELO AND MIDLAND, TEXAS 


President - Russell Lloyd 


Box 1106, Midland 
Vice-President - - - - - D. Moore 
Consulting Geologist, San Angelo 
Secretary-Treasurer - - + -+M.B. Arick 
Humble Oil and Refining Company, Midland 


Meetings will be announced 


SAN ANTONIO GEOLOGICAL 
SOCIETY 


SAN ANTONIO, TEXAS 
President - - - = Adolph Dovre 
722 Milam Building 
Vice-President - + + + Wm. G. Kane 
Saltillo, Mexico 
Secretary-Treasurer - - Harry H. Nowlan 
arby Petroleum Corporation 
Executive Committee - - - J. M. Dawson 
and W. K. Esgen 


Meetings: Third Monday of each month at 8 P.M. 
at the Petroleum Club. Luncheons every Monday 
noon except third Monday of month at Petroleum 
lub, Alamo National Building. 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 


President - + + _ J. E. Billingsley 
Commonwealth Gas Corporation 
401 Union Building 


Vice-President - - - + Charles E. Krebs 
Consulting Geologist and Engineer 
Secretary-Treasurer - _- _- Robert C. Lafferty 


Owens-Libbey-Owens Gas Department, Box 1375 


Meetings: Second Monday, each month, at 6:30 
P.M., Ruffner Hotel. 


| 
xiv 
‘ 
| 
P.M. 
| 
i 
a | 
| 


Bulletin of The American Association of Petroleum Geologists, December, 1936 


Xv 


WE LL LO GS Refer your Well Log Problems 


to Specialists 


Write for samples 


THE MID-WEST PRINTING CO., BOX 766, TULSA, OKLAHOMA 


A New A.A.P.G. Book Just Off the Press! 
GEOLOGY OF THE TAMPICO REGION, MEXICO 


280 pp., 56 illus. Cloth. 6 x 9 inches. 
$4.50 ($3.50 to A.A.P.G. members and associates) 
American Association of Petroleum Geologists Box 1852, Tulsa, Oklahoma 


REVUE DE GEOLOGIE 
et des Sciences connexes 


REVIEW OF GEOLOGY - 
and Connected Sciences 


RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini : und verwandte Wissenschaften 
Abstract journal published monthly with the codperation of the FONDATION UNIVERSITAIRE DE 
BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 
tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 


GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologie, 35, Rue des Armuriers, Liége, Belgium. 


Subscription, Vol. XVI (1936), 35 belgas Sample Copy Sent on Request 
The Annotated 
ee 99 
Bibliography of Economic Geology Petroleum 
Vol. VIll, No. 2 Magazine for the interests of the whole 
Is Now Ready Oil Industry and Oil Trade. 
Orders are now being taken for the Subscription (52 issues per annum) $18 


entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I, II, 
III, IV, V, VI, and VII can still be ob- corres te Beri 
tained at $5.00 each. Tagliche chte 


iiber die Petroleumindustrie” 


The number of entries in Vol. I is De eed 
1,756. Vol. II contains 2,480, Vol. III, Ca eee 
2,260, Vol. IV, 2,224, Vol. V, 2,225, Vol. 
VI, 2,085, and Vol. VII, 2,166. 


Of these 3,969 refer to petroleum, gas, 


etc., and geophysics. They cover the Subscription: $36 
world. 


Special magazine for the interests of the whole 
Oil Industry and Oil Trade 


If you wish future numbers sent you 
promptly, kindly give us a continuing VERLAG FOR FACHLITERATUR 
order. Ges.m.b.H. 


BERLIN SW. 68, Wilhelmstrasse 147. 


Economic Geology Publishing Co. VIENNA XIX/1, Vegagasse 4. 


Urbana, Illinois, U. S. A. 
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The Bank Where Oil Men Feel at Home” 


THE 


FIRST NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


FORTY-ONE YEARS OF CONSTRUCTIVE BANKING IN TULSA 


REFLECTION 
SEISMOGRAPH 
SURVEYS 


THE GEOTECHNICAL CORPORATION 
Roland F. Beers, President 902 Tower Petroleum Bldg. 
Telephone LD 711 Dallas, Texas 


Verlag von Gebrider Borntraeger in Berlin und Leipzig 


Einfihrung in die Geologie, ein Lehrbuch der inneren Dynamik, von 


Professor Dr. H. Cloos. Mit 1 Titelbild, 3 Tafeln und 356 Textabbil- 
dungen (XII und 503 Seiten) 1936 Gebunden RM 24.— 


Lehrbuch der physikalischen Geologie, ..... p-. Robert schwinner, 


Professor fiir Geologie an der Universitat Graz. Eand I. Die Erde als 
Himmelskoérper. Mit 62 Figuren und 1 Tafel (XII und 356 Seiten) 
1936 Gebunden RM 16.— 


Die neuere Entwicklung in der Geologie zielt dahin, die Ergebnisse 
der Physik mehr und 6fter heranzuziehen und stirker auszunutzen als 
bisher; so fiir Grundlagen, Theorie und das Weltbild im allgemeinen, aber 
auch in nicht geringem MafB fiir besondere Aufgaben des praktischen 
Lebens (geophysikalische Verfohren im Bergbau usw.) Das Buch will 
dieses Material dem Geologen zuginglich machen. Es ist etwa als sweiter 
Lehrgang gedacht, folgend out eme Einleitungsvorlesung oder das 
Selbststudium eines elementaren Lehrbuches. 


Ausfihrliche Prospekte uber Einzelwerke kostenfrei 
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“There Can Be No Finer Map ; 4 
Than a Photograph of a 
the Land Itself” 


EDGAR TOBIN AERIAL SURVEYS 


SAN ANTONIO, TEXAS HOUSTON, TEXAS 
Pershing 9141 Lehigh 4358 


THE SOCIETY OF PETROLEUM 
JOURNAL OF GEOPHYSICISTS 


Articles appearing in the November issue of 
PALEONTOLOGY Geophysics, Vol. I, No. 3 (1936) 
On Computations, with lica- 
he irowit ompany-Owne perations 
Eight numbers due to appear in 1936. The in aly 1930 Prospecting 
only American journal devoted to this | | ow... E. Rosaire and K. Ransone 
Effect of Time and Developer 
field. Subscription: $6.00 per year. Temperature on the Production of 
Photographic Seismograph Records .. 
F. A. Tompkins 
The Amplitude and Character of mer 
A. Wolf 
JOURNAL OF The Seismic Electric Effect_..R. R. Thompson 
A Simplified Circuit of the Seismic Electric 
Method and Its Steady State Solution 


True Ground Motion from Mechanical Seis- 


Interstitial Water Saturation in the Pore 


Three numbers due to appear in 1936. Sub- 
scription : $3.00. These publications of the Rec Riipsch 
Society of Economic Paleontologists and 
Mineralogists should be in the library of Individual muimbers per 
all working geologists. Write Gayle Scott, For subscriptions and advertising rates, please 
Texas Christian University, Fort Worth, Witeon, 

Texas. 610 Midland Savings 2011 Bidg., 


Bidg., Denver, Colo. Houston, Tex. 
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Catalog No. 397, reproduced above, explains all of the different kind 
of services available through Schlumberger Well Surveying Corpora- 
tion. Ask for your copy. 


N 


S 
\ 


WELL SURVEYING CORPORATIO 
HOUSTON, TEXAS U.S.A. 


L 
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WHEREVER YOU ARE 


YOU WILL FIND OUR 
SEISMIC SURVEYS 


through the efficient services of one of the 
following organizations 


Gulf Coast Province: 
INDEPENDENT EXPLORATION COMPANY 
2011 Esperson Bldg., Houston, Texas 


Rocky Mountain District: 
COLORADO GEOPHYSICAL CORPORATION 
610 Midland Savings Bldg., Denver, Colorado 


| Eastern States and Foreign Countries: * 
PATHFINDER PROSPECTING COMPANY a 
| 120 Broadway, New York City isa, 
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In Addition to publishing 
279 Engineering 
and Technical 
Articles 


in the first eleven months of 1936, The 
OIL WEEKLY carried weekly field re- 
ports on all important fields, oil-field 


maps showing geological data, an interpretation of the week’s news, domestic and 
foreign developments of importance, editorials, markets, and statistics. Also a new 
and important series of articles was started in the last of November to continue for 
the rest of 1936 on the Petrographic and Physical Characteristics of Sands dealing 
with seven of the Gulf Coast horizons. 


THE OIL WEEKLY is proud of its large circulation and popularity among 
petroleum geologists because it indicates that they are pleased with the up-to-date 
and accurate information as well as the technical articles covering geological work. 


If you are not a subscriber, we invite you to use the coupon below. One year— 
52 issues—only $2.00; two years—104 issues—only $3.00. 


Be sure to indicate your 
company and position— 
It will prevent delay in 
entering your subscrip- 


tion. 


THE OIL WEEKLY, 
Post Office Drawer 2811, Houston, Texas 


Enter my subscription to THE OIL WEEKLY for which 
you will find enclosed check for $2.00 for one year; or $3.00 
for two years. 


City and State 


I am with the 
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SPEED UP YOUR FIELD 
WORK WITH PAULIN 


The Paulin Precision Altimeter, long established as the standard of per- 
fection in its field, provides petroleum geologists with a dependable and 
speedy means of running preliminary surveys. It is indispensable in contour 
work where the saving of time is an important factor. The Paulin Leveling 
Aneroid, sensitive to the slightest changes in elevation, yet sturdy enough 
to withstand the rigors of constant use in the field, should be a part of every 
petroleum geologist’s equipment. Write for complete literature; also for 
a copy of our Observation Record Book for keeping a chronological record 
of all observations. We send it free in return for the coupon. | 


MAIL THIS COUPON TODAY 


| AMERICAN PAULIN SYSTEM Place check mark in this C] | 

1847 SOUTH FLOWER STREET — | 
| LOS ANGELES, CALIF. voying 
Please send me, without cost or obligation, a copy of your “Observation Record Book.” | 
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A New A. A. P. G. Book. A Sequel to Geology of California 


STRUCTURAL EVOLUTION 
OF 


SOUTHERN CALIFORNIA 


By R. D. REED 
Chief Geologist of The Texas Company (California) 


and J. S. HOLLISTER 
Geologist of The Texas Company (California) 


CHAPTER HEADINGS 
I. INTRODUCTION 
II. DiastropHic History: Lower Mesozoic epeirogeny, Pre-Cretaceous orogeny, 
Post-Franciscan Mesozoic epeirogeny, Cretaceous folding episodes, Cenozoic 
epeirogeny 
III. NORTHERN GEOSYNCLINAL BASIN AND COALINGA DISTRICT 
IV. MOHAVIA 
V. THE CALIENTE MOUNTAIN DISTRICT AND SALINIA 
VI. THE SAN RAFAEL AND SANTA YNEZ MOUNTAINS 
VII. VENTURA BASIN 
VIII. ANACAPIA 
IX. SOUTHERN GEOSYNCLINAL BASIN AND THE Los ANGELES BASIN 
X. SUMMARY AND CONCLUSIONS 


“*This book is in a sense a sequel to Geology of California, which contains only briet and casual discussions 

of the subject of structural evolution. In order to write the present account we found it necessary to compile a 

large amount of geologic data, some of which did not exist at the time the earlier book was written. This new 

information and some new ideas that devel during the acquisition and — of new and old informa- 
tion have led to conclusions not always in harmony with those previously expressed.’ het ‘ 

—Authors’ Preface 


The edition of Reed's Geology of California (1933) is now nearly exhausted. The present work on Southern 
California will be found equally acceptable in class room, library, and oil company office. It is well illustrated, 
especially with a large 6-color tectonic map, extra copies of which on unfolded ledger paper will be found 
particularly practical. 


®@ 150 pages, reprinted complete from December A.A.P.G. Bulletin 
@ 8 half-tone plates, 57 line drawings, 6 tables 

© Tectonic map in colors, folded in pocket. 27 x 31 inches 

® Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches 


ORDER FROM 


The American Association of Petroleum Geologists, Box 1852, Tulsa, Oklahoma, U.S.A. 
Inclosed is $————,, for which please send postpaid to the undersigned: 
copy (copies) cloth bound Structural Evolution of Southern California ($2.00 per copy) 


—— extra copy (copies) tectonic map in colors, on ledger paper, in roll, suitable for mounting or framing 
($0.50 per copy) 
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AN OUTSTANDING RECORD 
for DIFFICULT RECOVERIES 


EAN Core Drills have an outstanding performance 
record in the toughest oil fields in the world. They 
have successfully cored many of the deepest wells 

at Kettleman and Belridge, California, where the going is 
hard as every geologist knows. 

The exclusive patented features of Dean Core Drills are 
a wide departure from conventional design, and are re- 
sponsible for their high recovery record. 


EXCLUSIVE FEATURES 


Extremely simple, easy to operate, and smooth’ running. 

The only roller bearing rock type core head with o.d. 
roller reaming cutters. 

Patented core catcher that cuts all cores off clean without 
breaking or deforming, and safely carries practically any 
load; closing by mud pump pressure. 

Does not touch the core while drilling. 

O.d. hole reamers that contact and ream to bottom, 
eliminating tight hole when drilling. 

Constructed so that driller can open and close the core 
catcher by pump pressure at will. 

Length of cores practically unlimited, as special core 
barrels of any length can be supplied. 

Interchangeable rock and drag type heads insure suc- 
cessful coring of all formations, and minimum investment 
in coring equipment. 

All core heads machine ground to exact size, and to a 
perfect circle. 

The patented core catcher will hold any core that can 
get into the barrel. 


Showing patented 
catcher dogs in 
fully retracted, or 
open, position. 


Write for descriptive bulletin of 
Dean Tools. 


Dean Drag Type Dean Rock Core 
Head for coring soft Head for coring hard 
formations. formations. 


DEAN OIL TOOL COMPANY 


Route 2, Box 3200 Compton, California 
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During September, 1936, these five wells were completed 
as a result of Seismic Surveys by Seismograph Service 
Corporation. Our world wide experience is at your service. 


Kennedy Building—Telephones 2-8181 and LD548 


TULSA, U.S.A. 
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PRODUCTS 


INCLUDE MUDS> AND ‘MUD CONDITIONERS: FOR 

USE IN SUCCESSFULLY PENETRATING ALL TYPES oo 

OF FORMATIONS ENCOUNTERED IN DRILLING © Z 
BAROID:.. . Extra-Heavy Colloidal Drilling Mud PRR “STOCKS 4 
| AQUAGEL: .. . Trouble-Proof Colloidal Drilling Mud 
STABILITE: ... An Improved Chemical Mud Thinner PQ\MMMENZAIIOLIG by 


FIBROTEX: For Preventing or Re : Lost Circu- 
lation in Drilling We 


Los ANGELES TULSA (HOUSTON \ 
NATIONAL PIGMENTS & CHEMICAL CO., ST. LOUIS | Te 


GEO. E. FAILING SUPPLY COMPANY 


ENID, OKLAHOMA HOUSTON, TEXAS 
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To the members of the 
American Association of 
Petroleum Geologists: 


When you hold your annual conven- 
tion in Los Angeles, March 17-18-19 
of next year, you will be amazed at: 


® The size and importance of the oil industry to Los Angeles 
County, petroleum products being the principal item of ex- 
port and going from there to the four corners of the world. 


® The size of Los Angeles, a metropolis, which, in thirty 
years, has grown from the position of just another small 
American city to fifth place among the country’s municipali- 
ties. 

® The position it has won among industrial cities of the 
country—today being in sixth place among manufacturing 
centers of the United States. 


® The fact that, with the help of a man-made harbor, the 
result of the vision of men of action, Los Angeles today is _ 
second in imports and exports of all seaport cities in the 
country. 


® The friendliness and hospitality of its people who warmly 
welcome strangers in their midst and try to make them “feel 
at home.” 


® The recreational and cultural resources of the community 
—the semi-tropical climate encouraging the former and the 
desires of the population inspiring them to appreciate art, 
music and the best in education. 


® Los Angeles County’s “place in the sun” from an agricul- 
tural viewpoint—its crops having a greater dollar value, ac- 
cording to Government figures, than any County in the 
United States. 


® Further information on any phase of industry or residence 
in Los Angeles County will gladly be given by 


The Los Angeles County Chamber of Commerce 


Los Angeles California 
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Your convention headquarters, Biltmore Hotel and Pershing Square, Los Angeles 
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
22ND ANNUAL MEETING, MARCH 17, 18, AND 19, 1937 
LOS ANGELES, CALIFORNIA 
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Winter vista, Southern California. Oranges and snow-capped mountains. pear 
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A New A.A.P.G. Book An Invaluable Record 


GULF COAST OIL FIELDS 


A SYMPOSIUM ON THE GULF 
COAST CENOZOIC 


BY 
FIFTY-TWO AUTHORS 


FORTY-FOUR PAPERS REPRINTED FROM THE BULLETIN 
OF THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS WITH A FOREWORD BY 
DONALD C. BARTON 


EDITED BY 


DONALD C. BARTON 
Humble Oil and Refining Company 


AND 


GEORGE SAWTELLE 
Kirby Petroleum Company 


THE INFORMATION IN THIS BOOK IS A GUIDE FOR FUTURE DISCOVERY 


“In the present volume the geologists of the Gulf Coast ... are attempting to supplement that 
older volume [Geology of Salt Dome Oil Fields] with a partial record of the much new information 
of the intervening decade. . . . The quarter century preceding 1924 was the era of shallow domes... . 
Developments of the new era, however, came on with a rush. .. . The year 1925 saw the beginning 
of the extensive geophysical campaign which is sti sweeping the Gulf Coast. .. . The deepest wells 
at the end of the decade are going below 10,000 feet instead of just below 5,000 feet. . . . Great 
increase in the depth of exploratory wells and of production is a safe prediction. . . . The area of 

production should be extended southward into the Gulf Coast of Tamaulipas, Mexico. It may 
or may not be extended eastward into southern Mississippi. More & production should be es- 
tablished in the belt of the outcrop of the Pliocene, Miocene, and Oligocene. Many new, good oil 
fields should be discovered in the Lissie Beaumont area. . . . The coming decade, therefore, will 
probably be fully as — for the Gulf Coast as the decade which has just passed.”—From Fore- 
word by Donald C. Barton. 


@ 1,084 pages, 292 line drawings, 19 half-tone plates 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. members and associate members) 


ORDER FORM 
The American Association of Petroleum Geologists, Box 1852, Tulsa, Oklahoma, U.S.A. 
, for which please send to the undersigned: ........ copy (copies) of 
the clothbound book Gulf Coast Oil Fields. 
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GULF COAST OIL FIELDS 
(See preceding page) 


CONTENTS 
AERIAL or Barsers Hitt ‘AREA, Barton 
I. GENERAL AND THEORETICAL PAPERS 

O11-Propucinc Horizons oF Gutr Coast 1n Texas AND LOUISIANA ...... Deussen 
MECHANICS OF FoRMATION OF SALT DoMES WITH SPECIAL REFERENCE TO GuLF COAST 

Domes OF TEXAS AND LOUISIANA Barton 
Texas AND Louisiana Satt Dome Cap-Rock MINERALS ............ Hanna and Wolf 
S1perR1TE 1n Cap Rock at Cartos Dome, Grimes County, TEXAS ......... Rolshausen 
Hockey Satt Suart, Harris County, Teas 
OVERHANGING SALT ON Domes oF TEXAS AND LUUISIANA ......-- Judson and “Stamey 
Retation oF GEopHysics TO SALT-DoME STRUCTURES Eby and Clark 
DIASTROPHISM IN TOPOGRAPHY OF Corpus CurisT: Area, SoutH Texas ......Price 
SuRFACE FRACTURE SYSTEM OF SOUTH TEXAS Barton 
Corpus Curist1 Structurat Bastin PosTuLaTED FROM SALINITY DaTA ........ Price 
VARIATION AND MIGRATION OF CRUDE OIL aT SPINDLETOP, TEXAS ...... ere Barton 


II. STRATIGRAPHY 
VickspurG Group aT VICKSBURG, MISSISSIPPI ..........-..Mornhinveg and Garrett 


SuspsurFace Data on CovinGton County, MISSISSIPPI ..........+. and 
REVIEW OF TERTIARY STRATIGRAPHY OF LOUISIANA 
ZONATION OF SUBSURFACE CLAIBORNE OF Texas AND Louis 
Post. SuRFACE FORMATIONS OF SOUTHEAST TEXAS AND Soutu Loutsi- 
Jackson GRouP OF FORMATIONS IN Texas witH Notes on Frio Vicxspunc 
DETAILED “Stupy oF ‘Somer Beps, Com MonLy Known AS CATAHOULA FoRMATION, IN 
Reynosa ProB_emM or SouTH TExas, AND ORIGIN OF CALICHE ......... 
AREAL GEoLocy or EocENE 1N NORTHEASTERN MEXICO ............ Kane ‘and Gierhart 


III. DESCRIPTIONS OF OIL FIELDS AND SALT DOMES 
SOUTH TEXAS 


GovERNMENT WELLs O11 Fietp, Duvat County, Texas ....Trenchard and Whisenant 
Greta Fietp, REFuGio County, Texas ........ Sta: ‘amey, Montgomery, and Easton 


McFappin-O’Conner, Greta, Fox, Wuite Point, anp Saxet ...Getzendaner 


SOUTHEAST TEXAS 


Raccoon Bexp Austin County, TEXAS Teas and Miller 
SuGartanp FIeExp, Fort Benp County, TERA: McCarter and O’Bannon 
Cray Creek Satt Dome, WASHINGTON CounTy, TEXAS ........ Ferguson and Minton 
BrENHAM Satt DomsE, WASHINGTON AND AusTIN CouNTIES, TEXAS ....... Burford 
Conroz Ort Fietp, MontcoMEry CouNnTY, TEXAS Michaux and Buck 
Hoskins Mounp Sart Dome, Brazoria County, Marx 
Esperson Dome, COUNTY, TEXAS Goldston and Stevens 
anp GEOPHYSICS Cap Rock anp OvERHANG or IsLanp 

Dome, GALVESTON CouNTY, TEXAS 


SOUTHERN LOUISIANA 
GroLocy anp Gropnysics oF SouTHEAST FLANK oF JENNINGS Dome, ACADIA Parisu, 


LovISIANA, WITH SPECIAL REFERENCE TO OVERHANG Halbout 
EFFERSON ISLAND SALT Dome, IBERIA PartsH, LOUISIANA ............++5. O’Donnell 
ATE RECENT History oF COTE BLANCHE SALT Dome, Saint Mary Parisu ....Barton 

Bette Iste Satt Dome, St. Mary Parisn, LOvIsIANA Barton 
Discovery OF VALENTINE (La Rose) Dome, BY REFLECTION — 


EAST TEXAS 
Mount Sytvan Dome, Smitu County, Texas .............- Wendlandt and Knebel 
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A NEW SYSTEM OF 


“sOUND FILM 


Only the Rieber Sonograph 
operates on this revolutionizing 
principle with the reflection 
waves recorded on sound film. 
The system and apparatus are 
fully protected by United States 
patents; other patents pending. 


| 


PHOTO-ELECTRIC ANALYZER 

This is the supersensitive and 
precise apparatus that reads 
x Rieber Sonograph films. It can 
-_ do what the human eye cannot 
do—identify and tabulate sepa- 
Pe ; rately the wave reflections in 
bare the most confused record. 
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RECORDING 
EXPLORATION 


RIEBER 
SYSTE 


A seismograph for recording earthquake waves made in 1850 
showed the vibrations of the earth as wavy lines on a paper 
strip. Although many changes have been made in the seismo- 
graph since that time, and the device has been adapted to ex- 
ploration work, the form of the record has remained unchanged. 

In the Rieber Sonograph for geophysical exploration we have 
broken with this tradition. For the first time in history, we are 
recording earth vibrations not as wavy lines, which must be 
examined by the eye—but on sound film, which may be exam- 
ined by a machine. 

We have made this change for a very definite reason which 
should interest the geological professi ly, that we have 
found that the older form of seismograph record frequently con- 
ceals more than half of the information returned from the earth, 
whereas the use of sound film enables us to secure a far more 
comprehensive record. 

By substituting sound film, we have made possible the use 
of a precise instrument which reads the records, and separates 
and tabulates confused and overlapping wave trains. 

The Rieber Sonograph has been used for the past two years 
in California under the severest of geological conditions, where 
the conventional form of seismograph gave only vague results. 

Detailed mapping of these same regions, made from the 

—_ Rieber Sonograph records, has been repeatedly checked against oo: ’ 
: geological information and well logs and found to be remarkably 
consistent and dependable. 

A limited number of Rieber Sonograph Parties is now avail- . 
able for use on the more difficult shooting projects in the Mid- > 
Continent and Gulf Coast regions. 
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PETROLEUM DEVELOPMENT 
AND TECHNOLOGY, 1936 


Transactions A.I.M.E. 
Volume 118 
(536 pages) 


CONTENTS 
Chapter |. Estimation of Petroleum Reserves. 43 pages 
Chapter Il. Production Engineering. 139 pages 
Chapter Ill. Petroleum Economics. 20 pages 


Chapter IV. Production (Statistics) 
Domestic. 23! pages 
Foreign. 76 pages 

Chapter V. Refining. 6 pages 


Cloth bound, $5 to Nonmembers 


Canadian and Foreign Postage $0.60 extra 


A copy has been mailed to members of A.I.M.E. who have previously requested 
it. Members are entitled to this volume without charge, provided they have not 
already received or indicated their choice of another divisional volume. Those 
desiring this volume in addition to any other divisional volume are entitled to 
one copy at the cost price of $2.50. 


The Secretary, American Institute of Mining and 
Metallurgical Engineers 
29 West 39th St., New York, N.Y. 


Please send me............copies of Transactions, Petroleum Development 
and Technology, 1936. | enclose my check for $.............. 


Remittance with order will be appreciated 
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Reflection 
Seismic 
Surveys 


Successfully Conducted in 


MIDCONTINENT—Texas, Oklahoma, Kansas 
GULF COAST—Texas, Louisiana, Alabama 

PACIFIC COAST—California 
ROCKY MOUNTAIN—Colorado, Wyoming, Montana 
APPALACHIAN—Pennsylvania, New York 

GREAT LAKES—Michigan 

CANADA—Alberta, Saskatchewan, Quebec 
MEXICO—Tampico Area, Isthmus of Tehuantepec 
VENEZUELA 


GEOPHYSICAL SERVICE 


INCORPORATED 
DALLAS, TEXAS 
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